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oa WARE NS TWO... OR. MORE TWISTED.....OR...... BRAIDED 


WAFER — LIKE. WITH. ONE...POLE.. 


on VARLATLONS.... ARE. PO. SSIBLE. 


a 5 OY 1 See 


Senden a CREATES A MAGNETIC. FIE/D THAT. PULLS... ONE SWITCH 
AGAINST OR AWAY FROM. ANOTHER... 


RELAYS — AN. ENCLOSED. 
SPALED. 


ean Renee et Simee... SPST RELAY. 


go MOUNTING... 
ines a PE ccneninien ee A IMS... 


A (CROPHO 
QORRESPAN DING VARIATIONS IN AR 
HE Sound. WAVE VARIATIONS... ARE. 
TO. BACK~ AND= FORTH  MoVENENTS 2. A ee 
QR. FOI CALLED A DIAPHRAGM THESE. (OVE ME. 
VARIATIONS IN AN ELE CTRICAC.. CURRENT 
OF THE FOLLOWING MEANS 3. 
CF] CARBON MOVEMENT OF TH 
APPLIED TD. A CAPSULE OF CARI 


wa THON AL CHANGE. 


wee fPFLCRYSTAL —— A WAFER. OF PIEZOELECTRIC. MATERIAL. WHICH. .PRODUCES.. 
aA. VOLTAGE WKEN BENT. BY THE PRESSURE OF SOUND WAVES). FORK 
a fTHE DIAPHRAGM..OR AS MECHANICALLY. LINKED... tO. THE...DIAPH RAGM........ 


IA. SPEAKER Convert é NSA 
ef VOLTAGE INTO SOUND WAVES 400TH. 
COMMON... SPEAKERS ARES 


__ | MAGNET SIMILAR. IN. PRINCIPLE. 
PHONE. IN FACT, A MAGNETIC. 


Cl CRYSTAC ——. SImIZAR IN. 
PAONE AO RYSTAL.. SPI 


RESISTORS 


R OR COME IN DOZENS OF SIZES AND SHAPES 
G cH ALL DO THE iL T™ CURRENT 
MORE A@our THAT LATER, FIRST, AET*S SER HOW A 
"OR RESIST 
_ Typical 


oT PROTECTIVE Housing oo 


COLOR. CODE BANOS 


______ "CARBON _CoMPosITION 
4 _L POWDERED CARBON MIXED with A GLUES LIKE BINDER, 
amend THUS RIND Of RESISTOR IS EASY TR MAKE. AND. ITS 
R An CAN 8E CHANGED FROM ONE RESISTOR 
TO... THE NEXT. SIMPLY BY CHANGING THE RATIO. OF 
AR BON PARTICLES TO. BINDER. MORE CARBON GIVES 
R AN CE. 


[) DO-IT- YOURSELE RESISTORS — You GAN MAKE A RESISTOR. 
BY DRAWING A LINE WITH A SOFT LEAD PENCIL ON A SHEET. 


PENCIL LINE 
7 


ane rerigptnen 


PRETTY. SUT. _THE = (_..HAVE A FAR 
PURPOSE 4... THEY INDICATE THE 
RESISTOR 


nova y 000, 000 oneesones 
10,000,000. 
wm 00,000, 200... 


RESISTOR....COLOR.. 
_ YELLOW... ISTHE. 


O RESISTOR SUBSTITUTION PRECAUTIONS — RESISTORS. THAT. 
CONDUCT. 4OTS. OF CURRENT. CAA) BECOME. VERY HOT! 
oon e THERE FORE. ALWAYS USE RESISTORS. HAVING THE 
ea f www POWER RATING. FE A PROTECT. You'Re 
isons elton .G... DOESN'T... SPEQIEY THE. POWER... RATING. 


RESISTORS 400 OAT SUSU ALLY. OK TO USE 


" ,£¢ : ‘ E. GREEK. WORD. FOR. 

-_ conrneenesneene thy QOO.. THEREFORE. ron AD hy ORO... OR. AT, QOO 4 
3 a ps - __MEGOHM. —_ OR. ated 2 £0004 000... OHMS, tecccicrmrovnenennnnne Seen 

i) eee AS. 

ea) wwe 4,000.5, 000 


reesiaror . — (ONE.OF SEVERAL. ae 
OF. RESISTORS. HERE. ARE OTHERS: 


cs are FILM. RESISTORS. VARIO 
sell § SE A IAIN EIA OE 
A 


ARGON... FILM. RESISTORS. ~ 
DEPOSITING. A CARBON. FILM. ON. 
DER, Pov BPLRAL..... GROQV 
TROLS THE. _LENGTH._OF AR 

THE... RESISTANCE... 


LERAMIG nn 
: TH. | tn 
BE THLE EN. TA Eee 


cam YU p I. OF. RES. 1S: TANCE. 
irae es WIRE. THEY... ARE VERY. ACCURATE. ND. 


—ANCREASING THE CIGHT LEVEL DECREASES. 
-ESIS TANCE... MORE. AGOUT. THIS. CATER. 


__ | O VARAARBLE RESISTORS — OFTEN IT's NECESSARY 


QO CHANGE THE RESISTANCE OF A. RESISTOR. VAQIARLE 3 

Q TORS AGE CALLED POoTENTIOMETERS, THEY ARE a 

D TO... ALTER TRE VOLUME OF A RADIO | CHANGE. re 

o BRIGATNESS OF A LAMP. ADTUST THE CALIBRATION as 

fs METER, ETC. TRIMMERS ARE POTENTIOMETERS 3 

mm enuipeen wi aes APLASTIC. THUMBWHEEL OR A SLOT 

COR... A SCREWORWER SLADE, THEY ARE DESIGNED FO a, 

OCCASIONAL ADTOST MEI : 
__|D Resistor ss SyMeQSi 2 Se _ 


S 


THE ETAL RESISTANCE Is ( 

SIMPLY THE. .SuM oF me Ry fo 

MDIVIDUAL RESISTANCES, 

CL PARALLEL CIRCUIT — RESISTORS CAN ALSO. BE 
CONNECTED IN) PARALLEC 2IKE amis i 
THE TOTAL, RESISTANCE IS a 


THE... PROOUCT.OF THE ae : 
| Two.._RESISTANCES Divpen Rry 82 & 
BY THEIR. Sum. 


ey ceed __ BY RATIO OF R21. 
AND R2. __HE@E'S THE EoRMuLA +. 


CAPACITORS. 


Ce ee ee ee ELECTRONS. THE 
|SimMPLEST... CAPACITOR. IS. TWO... CONDUCTORS. SEPARATED. 
LBY AN. ANS ULA TIN GC... MATERIAL CALLED. 


CONNECTION 
LEADS... 


THE. ATES ce QUANG re nnnnannn 
__bIS¢S. 4 ALumumua. ene Foil... 7) < OY 217.0 a | os 
PRL NED ne Te OPPO STE ie SV DES oir OP serra sere Mtl Doren nnnorne 
THE CONDUCTOR — DIELECTRIC — CONDUCTOR... SANDUACM 
BE. — ROLbed N abe OR oor EET ororn FA Ta. 
TYPES. OF... CAPAGITORS... 


‘OU... “CAN. “MAKE. _A__CAPACITOR. _FROM. I BETS) .OFs.a 2. 
LUMINUM Foll AND. ONE SHEET. JAXED...PAPER... FOLD... 


FO. “SH. GETS. _ peat? Ttoucn | _PRESS 7 waseet 
: : BRIEF LY..TO.. THEW. 
Ea EXPOSED. __ END 5 OF JHE Fou SHEETS... THEN | 
TOUCH... THE. SRO Sree ee a err PAN CE 
ULTIMETER To. THE Fol SHEETS, 
WL UINDICATE. A SMALC.. VOLTAGE. ae oan ¥3 Ste: FEW 
FALE 


_. fO_ CRARGING.. A. CAPACITOR 
corm OUR. IAOM EMADE CAPACITOR. 
ALMOST... WIM MEDIATELY..0 SIN 
SLOW. DOWN TH 
RESISTOR... 
. RATTE RY 3 


ae Se 
CAPACITOR. - 7 WILL. _ GRADUALLY... LK 
4 OLELECTRIG.. UNTIL. BOTH... PLATES... HAVE... 
CHARGE, erect (al eee _ CAPACITOR 1S... THEN... DISCHARGED 
GE DISCHARGED... VERY. Quiceey. 
hs “ITS PLATES TOGETHER. OR NTO 
_DIS.CHARGEO MORE... SLOWLY BY. CONNECTING 
RESISTOR ACROSS Ns 


HERE'S. AL. 
R . GRAPA.OF TAE ’ 
Js cue DISCHARGE ..TIME.:... 


CHARGE. 


O. TIME 


O SPECIFYING CAPAC ITORS— THE ABILITY... TO STORE. 
ELECTRONS 1S KNOWN AS CAPACITANCE... CAPACITANCE... IS. 
»S.. 47. FARAD.. CAPAGITOR.... CONNECTED... 
fs WILL... STORE... y 280,000, 000,.000,.000,.000. (6.28 18 + 10/8) 

ELECTRONS ! OST... CAPACITORS. HAVE. 
CAPACITORS. ARE SPECIFIED. INP. - cl 
_ FARAD)._ And, LARGER CAPACITORS. ARE... SPECIFIED IN. 
} CMIZLIONTHS....OF.. A FARAD) 4... SUMMING... 


APACS IT. OR s. MAY. 
CT UAL... VAL (2) eee 
Clos €... VALUES... FOR. 


SPECIE IED. _VALUE. 2 
CAPACITOR RATE. 
EVE 


eto C) CAPACITOR SUBSTITUTION PRECAUTION S —— You. Mu: 
MAKE. SURE. OTHE CAPACITOR... You... POA. TD 
USE. MEETS a THE. REQUIRED. 
MOLTAGE... RATING, OTHERWISE... TS... DIELECTRIC. 
MAY..BE. ZAPPED. THE... STORED... CHARGE. 
THE. VOLTAGE... RATING $US UALLY....PRINTED.. 
ON. THE. CAPACITOR VO MEANS. MOCT S.A 
AS. WORKIN G VOLTS... 
CAPACITORS. 
pee _DIELECTRIG. 


dele Scra, ee Sait Moki cetsin oe __ PLATES. 2 “AND. 
Pager iertat ed ete THE... CAPACITANCE... 1S. CHANGED. 
FE IKED Yn ONE... 


ROTATING... A_.ROD 
PLATES o.evenninon oe 


“SCREWDRIVER... 


so TUNE. OS. CHL bA.TORS. 
os THOSE. USED 
AWA T CHES... 


RADIO... RECEIVERS : 
MITTER S10... THE. DIELECTRIC 
vwmmnerrnead Face hd SP ALLY cc AER ccsrinnsere 


Ree eeureneren OL DE. na AYER .... __ FORM. £0... 
1S. TH. é DIELECTRIC. 
NON - ECECTROLYT/C. 
CAPACITANCE... 
LUMINUAL 

Most... ELECTR 


G00... MOST... POSITIVE 
CONNECTION. POINT] 


CHARGE... 
LARGE. Ses eens x 
ae R. LO VOLT Se 
A. SCREWDRIVER... “PLACE D.. 
TERMINALS! HIGH... VOLTAGE. 
CURE THOSE... USED IN. TE 


wo AND... PKOTOFLASR. UNITS. CANA. 


GETHAL. CHARGE |. NEVER. CH 
wl ADS. OLE SW CH A CAPAGIT 


oe THE. VERY BAST. THEW. TOLT.... 


THROW... YO! ACROSS. A ROOM. 


| ARE.  WSEO 


“OFTEN. _ CAPACITORS ARE... 


SOME TIMES oA PA 
SIRE. THIS. 3. 


RES/STOR AND. CAPACITOR... APPLICATIONS. earaae 


INGREDIENTS. 


z, FROM. .A POWER 
| oe i? =) (Ee 


USE £0TS...... OF... CURRENT... 
FROM oe PEF ie Tar QL, rene 

VERY... BRIEF.BUT 
PEM ED. TR SEAR BY. 
BEIT OES. ASnrrrnroe oe 
CL BE env LIAM ETD crocosse 


ABOU 
AWIHEN. 


_VERSA- THL: 
: "SUBSTAN TIAL. “REDUC. TIONS... 

“CIRCUITS... THESE. POWER _ SPIKES 
THEY, ooo ARE. SOMETINES... Zi 
: a” PLA QUIN Geo oon A. SMALL C.O.4. ME 
be to, HE... POWER......... LEADS _0F <3 4 


“VOLTAG. | aan 9) 2! mer 
WATH OUT... CAPACITOR... 


IE AMMA TIRE ennnnnnne 
soe MPP LIES. POWER nesennmnrnnmn 


_ FILTER. Fr OETA BD oe EE OT BA CPL nono 
om ATO, conde... SIGN Ab.0— 
ee SIGN A ERO on Pec KAGHAT. MALIA MER oc crornvene 
OOK nee heh PE eso 7 | WIHEM.. 


a be BUT... SUNLLGAT USE Sim TIALS 2 — 


ULL. PASS... THE FLUCTUATING... RIBN AL... AKD.— 
BLOCK. THE. STEAD 


oe Os ee oe a ee 
—RESISTOR._(R)_AND CAPACITOR (CG). ARE. VERY JM PoR= 
pong -THEY._ARE THE INTEGRATOR. ANDO  DIFFERENTIATDR. 

pn THESE CiRCuiTS ARE USED tp RESHAPE AN In 


eis ee OF. WAVES. OR PUL SS 


__| THe proouer Of 2 ANO CIN THESE CigculTS IS 

LED THE RC. TIMe ConsTant. FOR THE CigeuITS 

SHOWS) BELOW , THE 2 Time Sistas Ce ee z 
——~{1S._AT.._LEAST...- TEN TIMES THE INTER VA BETWEEN) 


_OUTPUT.. WAVEFORMS. (OFTEN. CALLED A SAWTOOTH). Wikt 
NOT REACH THEIR Fue HEIGHT AMpuTuDE).IT'S 
—EASYTD.__DESIGN._AN AMPLIFIER” THAT.IGNORES 
oo WAVES. WITH A 


one SEO TD MAKE NARROW PULSE GENERATORS... FOR 


_@ONSTANT..OF A CIRCUIT. TH 
; FOR. A... CHARGING. OR. OISCHARGING.. 
APAGITOR on TO. GO. THROUGH..63. 3% OF THE CHANGE 


ASA. CO 
von US... FELD 
-ELE CTROMAGNETS, 


_|CP-18)... CREATE: AN EN. 
POSSIBLE. __. SQLENOLDS. a 


WHILE. 
ARE. 


a SLOW. SQUARE..WAVE — 


7 “east Savare wave — SUUUULL 
SOMETIMES 0 Ann COM. Whe... ADD. RINGING. a 
PASSING. TAR QU GAL IT TAS. CAN. “HAPPEN 
ESISTANCE. OF. THE. EXTERNAL... CURREN 
ONNECTS THE BIDS. OF oo TAB oo POM od 8. 


— SQUARE. “WAVE = os i es 


brs 1S... RINGING * 
OF. THE..ENERGY INTHE. 
‘No DVCED .. (TRANS FERRED)... 
. POM a. THUS. NS. THE. PRINCIPLE. OF. 


FORMER...1S..CALCER 
wd $n CALLED... THE. 


CORE. SO. 
JEN SY, CAA 


ihe ; ‘ COLLS. oe 
TAA aoe CCSD Cwnoines) 
Moh 


GZ 


AUT I A. GH. VOLTAGE... PULSE. CAN BE PRODUCED 
——-A___- CHOKE. WHEN THE CURRENT. FLOWIAIG  TAROUGH 


___ {TRANSFORMERS 


eats ee 
_____[Transrorm ERS 
ene ered HANI GS... OR. MORE WINDINGS USUALLY asia 
| WRAPPED. _AROUN Dow AL OMMON. CORE MADE. FROM 
cee} AMIN ATED. IRON SHEETS... HERES A SIMPLE oa 


RANS FORMER. : 


ARE UAL MATOR..C&ASS. OF  COles 


— LAMINATED CORE = 
HROUGH._THE PRIMARY.Cole 
HEA) DT ec tANN OE on BE oo DUCED... 
_SECONDARY....WINDING....A STEADY... (12 rn sas 
Wiel con NOT... BE... TRANSFE RRED ROK OME oe COM rorncnine 


“VOLTAGE... _AN JO. _QURREN: Pcs 
AA EY_. Do_NoT- +~ “OF. Coursey... ORE A: 
oo NOTHING»... THEREFORE. ae TRANS FORME Ronn 
MOLTA GE OF Bh ocr SGML. 4. AT once REPS CE. Sonne 
THE... VOLTAGE...OF...... 


THE PRIMARY... VOLTAGE.....ANO....CURREN 
wn KERR ED... UNALTERED TD. THE... SECON, 2AR ¥,_ OFTEN. 
Callen. AAL.. ASOLATION . TRANS EOR ITER uo nen nennensemneni ss 


THE... VOLTAGE... AS. IM CREASED.....BY.. THE TURNS... RATIO. 
THUS. AL ES TURNS RATION. WMA BOOST... 2 MOLT Sun 
AT... THE. PRIMARY INTO... 28~ VoeTs AT. THE SECONDAR’ 


aan [CO TRANS FORMER. TYPES. AND. APKIGATION 
SOME OF THE. ATOR... TRANS FORMER. TYP 


S.—- HERE ARE. 


pacman USE0. TD... ISOLATE. 
FFERENT.. PARTS. 


nf. -P OWE R.. CONVERSION. 


“POWER = cae 
TRANSFORMER 


setae S$ ED. TD... PRopuc E. 
cosemctanerered OWI TLON.... SPAR ks o 
IN. GASOLINE... ae WES... 
YSED.. non COWE: 
pei M “pieTu RE ae es ‘ 
SOME LASERS... NEO, 
os eee eee AIGHTS 4... ETE. 


> AM, ROPHONE. 4 SPE. AKER _ 
be ee ‘ OR. OTHER. DEVICE... 
*opposiTION TO. THE FLOW. 


MPONENTS _ ee MADE FROM. CRYSTALS. CALLED 


EMICONQUCTORS,__ DEPENDING ON CERTAIN. CONDITIONS... 
ACT 4IKE A CONDUCT OR OR 


THERE. ARE MANY DIFFERENT  SEMICONDUCTING MATERIALS, 
asta ela WT SILICON. THE UMAIN IN GREDIE, ee) <a.) 1 > ee > 
Leeann cel A ee ee OST UP OOU CR 3 Seems eres ee aeRO 


A SILICON ATOM HAS BUT. AA = 


opetlas Se a \ SS evectrons 
fceeaietearn 1/1). 17%) Bete’ 2/'-0aae RR 7 |" a ES eee oreeneroesrraenter 
EIGHT. THEREFORE, A ntueus A a ees SHELLS. 


LENCOM. ATOR WEE CINK . 
UP WIT FOUR OF ITS 
Peeler weenie! NEIGHBORS .TD. SHARE ELECTRONS : 


ene CLUSTER .OF SIICONY ATOMS 
SHARING OUTER... ELECTRONS. ccnenone 


oon OR LAS cas A... REGULAR... ARRANGE... 
: _MEWT._ CALLED A ORY STAG 


TSS A IA CMI EIER VIE WD conn 
FB PAL NOOBS. ORY SII ps TE Rrcrnrnenon 


OUT, ER ELE Tr RON. ere -) eee 


er eeeen one nee nc eneee? 7 beak Dy. veneerneensenee EAC TORK cae A RE ene SQUID ane 


ARK. G. RAY AD nen OM OR reveerenm 


.-SALLCON..CAN. BE. 
GROWN ANTO. BIG 35 
CRYSTALS..U1T'S CUT 
ON. IN TD. WAFERS. FOR 
MAKING ELECTRONIC. 


DO SILICON RECIPES — Pure  Siticon ISw'r VERY USEFUL. 
Sapte ot tense cee et ee THATS WAY SILICON MAKERS. 
SPICE. UP THEIR SILICON. 


tt... RECIPES WTA A..OASH OF 
(PHOSPHORUS... BOROM. OR OTHER 
porn CQODIES «.... THIS....18_. CALLED. 
a DOPING THE SILICON... WHEN. 


[$F nan SLL COM... HAS __ VBRY GSE EU 


penn BLE LT RONIC.. PROPERTIES! 


CERTAIN OTHER ATOMS.CAN JOM WITH SILICOA).. ATOMS... TO 
ORM CRYSTALS... HERS'S THE. CATCH 2 A BORON). AT OLA oe nernnernnsernen 
AS_ONLY. THREE. ELECTRON JN ITS. OUTER. SHELL 2 AND 
A PHOSPHORUS. ATOM. HAS. FIVE. LECTRON SIN ATS eee 


OUTER Swell, SILI CoA. WITH EXTRAPHOSPHORUS... ELECTRONS 


CALLED... No TYPE SILICOAL( N= NEGATIVE). SILICON WITH. 
ELECTRON. DEFICIENT. BORON. : 
IADORY De POS TR ce 


US CALLED. P= TYPE 


DP=_ TY PE... SILLCOM 
A...BOROA). ATOM. WIN. A CLUSTER ee 
OF. SILICON. ATOMS. CBAVES A Ne 
VACANT. ELECTRON OPEN IN. Sp 
CALLED. A HOLE. MTS POSSIBLE NL 
OR sal. £4ecTRon_AROH, A... (@0) 9... 
ARBY..ATOm....TO." FasL” INTO led 


THE... HO kk... THEREFORE... THE 0 
HOLE HAS MOVED TO. A 


MOVE THROUGH. WATER). ATO 


ee el ae PHOS PHORUS....ATO 
LI N=-=TYPE SILICON — : 


A PHOSPHORUS. ATOM JA) A. 
LUSTER. OF. SILICON... ATO, 

DON ATES...AN. EXTRA. ELECTRON, 

THIS... EXTRA... ELECTRON. 
AN. MOVE..THROUGH THE. 
Q AAALTH......._ OM. 


EA J__OTHER Ww 
N=TYPE SILICON CAN CARRY 
AN ELECTRICAL CURR EN 
BUT so cAn P-TYPE Siz { <a Ee 
0 "cagey’ THE curRREny. EXTRA Aes 
Re Mren fei ELECTRON batts as 


HAE DLODE 


BOTH P-TYPE A ANDO _N=TYPE SILICON. ConoducT ELECTRICITY, 
iH RESISTANCE. OF S0TH TYPES JS DETERMINED By 
THE PROPOR TION OF ROceES, OR. SURPLUS ELECTRONS, 
nnn f THEREFORE BOTH TYPES Can FUNCTION AS RESISTORS. | 
ANO HEY with ConoucT ELeOrRicITY IA) ANY DIRECTION. 


FORMING Some P=TYPE SILICON IN A. CHIP OF No 
Pé__ SILICON), ELECTRONS with FLOW THROUGH THE. SILICON 
ONCY ONE DIRECTIONAL, __ THIS IS. THE PRINCIPLE OF 
Te DIODE THE  O-N INTERFACE JS CALLED THE PN TUNCTION. 


O How THE  D/IOPE WORKS — HERE'S A SIMMIEIED. 
PLAN ATION OF How. A DIODE. CON DUCTS......ELECTRICITY.. 
NONE DIRECTION CFORWARD) WHE BLOCKING THE. 
0 OF CURRENT In) THE OPPOSITE DIRECTION (REVERSE), 


7 ELECTRON Flow 


Low CURRENT FLOW __ 
HERE. THE CHARGE. KERE THE CHARGE 
FROM...THE BATTERY. FROM THE. BATTERY 
w- REPELS... HOLES. AND ELECTRONS ATTRACTS HOLES AND 
even TOWARD, .THE.... TUNCTION, ELECTRONS AWAY FRom 


&-THE_VOLTAGE ExXCeeOs TNE TUNGTION. THERES 
O.G~VOLT CSiliCon), THEN FORE OND CURRENT 
ELECTRONS Witt _oRoss CAN. FLOW, rei 
THE JUNCTION AND initia ae 
sadness OMBINE WITH  HOLe S. YA CATHODE 
A CURRENT THEN FEcows., 


CA TYPICAL Diope — 
OMMONLY ENCLOSED A 
CYLINDERS... A DARK BAND MARKS _ 
THE... CATHODE. TERMINAC, THE 
OPPOSITE. TERMINAL 


qq 


[) DIODE OPERATION — You ALREADY KNOW. A DIODE. iS 
LIKE An) ELECTRONIC ONE-WAY. VALVE. IT?S IAIPORTANT. 


D...... UNDERSTAND. Some  AODITIONAL ASPECTS OF. DIODE 
OPERATION,  NERE ARE SOME. KEY ONES 2. Kaisciascosiah eh, Wasi os arate 


A.D Op&. With NOT COnous CTUNTIL. THE FORWARD. 
VOLTAGE REACHES A CERTAIN. THRESHOLD POINT eee OR earner 
ICON. O1OOES THIS VOLTAGE IS A. 


WLE..._.THE. FORWARD CURRENT BECOMES. \ 
EXCESSIVE. THE SEMICONDUCTOR CHIP Vd 

af MAY. CRACK OR  MeiT! AND THE. Meee arta | ane? anes 
“QowTacrs MAY SEPARATE... IE THE. . 


COMO UCT 
RESVETING. 
Hip | - 


CAUSE A QUODE 1 KON DUCT. ale secpecussar 
[TH WRONG DIRECTION, SINCE THIS. 
OLTAGE IS. FAIRLY HIGH, THE  Suppenw fp 


(SUMMING UP DIODE OPERA TK 
“THIS__GRAPH Sines: S$._uP. DIODE 


ri 
AE 
| 
tl 
| 
| 
| 
| 


= FORWARD VOLT. AGE 

= REVERSE VOLTAGE 
Te = OR WARD CURRENT 
e_= RSE CURRENT. in eee 


DF TYPES OF DIODES — MANY _DIFEERENT KINDS OF 


DIODES. ARE. AVAMARLE, HERE ARE Some OF THE 
[ASD Ren TY PES os Re ee ste 


___TRaNS FORM. _ OW. CURRENT. AG TDD GyDETECT 
oa ee ADIOS! aE UTEP Pn a 
FO, 


FUNCTIONALLY IDENTIOAC TD SMALL. SIGNAL. 
; lODES ,..._ PowER RECTIFIERS CAN HANDLE nig, 
eee WW woe WOCH MORE. CURRENT. THEY... ARE.IN STALLED 
WS emo HARGE. METAL... PACKAGES. THAT. SOAK.UP 
EXCESS. HEAT.AND. TRANSFER IT tp A METAL. 
_MBINLY.IN. POWER SUPPLIES. 


S.. DESIGNED. 1... HAVE. A 
_-C ConduCTION). VOLTAGE. 
x sen EUSTON oo FL KE 
SWITCH... ZENER OlODES. 


seen ce af. WO. ‘ery & € SEN: Sit. inva a 


; HAVING BREAKDOWN VOLTAGES (Vz) OF Rom ABouT 
Peete ceretenaccer) eee BAVOLTS.....TD.... 200 VOCTS. ARE AVA BE ee nee tears 


ions BIASED. DIODES. MADE 
FROM. CERTAIN. SEMICONDUCTORS (LIKE. GALLIUM. 
-ARSENIDEPHOSPHIDE) EMIT CONSIDERABLY. MORE. 
RADIATION THAN SILICON. DIODES, THEYRE CALLED 
228 LIGHT - EMITTING DIODES CLEDs). Reecmtadst eee 


eens Abb. DIODES RESPOND TD SOME DEGREE WHEN 
‘S ___ILLUMINATED SY LIGHT. DLORES— DESIGNED Spe- 
CT. LIGHT ARE CALLED 
PAoTopIopES, THEY INCLUDE A GLASS oR 
PLASTIC. WINDow THROUGH. WHICH me LIGHT 
ENTERS. OFTEN THEY HAVE A LARGE , ExPosED 
JUNCTION REGION. SILICON MAKES GOOD _PHOTOpInnES. ___ 


; ue eee oe ee a ei ee 


WZ SIGNAL COR VOLTAGE) 
SnD AIEEE «16: UNE GTO ° 2 Ga Wot ALD AC Oe © 
ALE OF SIGNAL nena ee SINGLE. POLARITY. COCy 
AS BLOCKED SIGNAL (OR VOLTAGE). 


NEGATIVELY CHARGED TDA POSITIVELY. CHARGED. REGION, WHY 
DOES. THE ARROWHEAD IN A DIODE SYMBo.. POINT. WUIN. THe 
PROSITE. DIRECTION? THERE ARE TWO REASONS: oo 
fi. BEGINNING WITH. _BENTAMIN.ERANKALN,. _IT_WAS. TRADITION ALG 
ASSUMED. ELECTRICITY FLOWS. FROM. A POSITIVELY. CHARGED. To. A 


EE UEP EN SEP POOR 17 REET TPES Ea TNT PET 
gute GORI SAE GA NELUEN Es gt ee eee 


EREFORE. ats COMMON. TO. REFER TO Post tive WE CURREN! am —-FLOW.| | SOR Rene 
ISEMA\CONDUCTORS. OO PEE RE ORT E IPT Aye ae ENTE TERE 


PLOW, BUT WE'RE STUCK WITH SYMBoLs THAT | oe ica aaa 
\ 


TE TRANSISTOR. 


_ OTHER 

“TRANSISTORS 

AM PL). FIERS 
co PRE. 


rR NSISTORS- 


oof ADD. Pn SECOND. _TUNCTION.. To. A. aanbaat teamed 
SUN CTION.. DIODE. AND YOU 
credo 7 LAYER SILICON SANDWICH... 
er Shans. vo CBN BE. EITHER. 
. PN Pan EITHER, WAN, 
—. “LAYER. ACTS... LIKE. 


FAUCET... OR. GATE... THAT... SONTROCS..WW.. 
ee wd OVIN. G0. THROU GA... 
THREE. LAYERS... 


9 ANSISTOR _ OPERATION — 
oo RE... THE... 
AN, HAS. “FEWER. 
LOLLECTOR ...... ae FORE... 
vob CAUSE... 
sennennrnenaennen OO bebe ES TOR un LURRENT.. 


INPUT... 
CURRENT} 


ELECTRON. 
Flow 


ODE). Wie Noy. Compver. 
VOLTAGE... EXCEEDS... O.6> VOer... 


AL a, 


wow DAMAGE... OR... ee eG Seatac SS 
treet BEMLCON DUCT OR HIP coe THAT. FORMS Ann 
TRANSISTOR «0. TEE THE... CHIP ASNT HARMED 5 
TINY... CONNECTION. WIRES... MAY MELT. = 

wn FROM... THE... CHIP... NEVER. 


TRAN SISTORS.— MANY DIFFERENT.__ KINDS. 
cow VAILABLE..... HERE ARE EXAMPLE S...OF. 


“SWITCHIN: Gi. 


" SMALL__SIGNAL___TRANSISTORS ARE. YU. 
ACIPLIEY. LOW LEVEL SIGAAL 
cor SWAT CHING TRANSISTORS. ARE DES 
TO..BE.. OPERATED. FULLY. ON OR OFF... 

SOME. TRANSISTORS._CAN 6 
WAND. SWITCH EQUALLY  WELC 


USED. Al. N HS GH. : 
He AMI PLL ELERS AND ROWE 

one DU PPCIES.. GCARGE. SIZE. AND. 
EXPOSED... METAL... SURFACES... KEEP. 
THEM. 


== f=) ORERATE.._AT __RADIO »__ TELEVISION. 
pee! vo Poa). AND MICROWAVE FREQUENCIES...’ 


1 BIPOLAR TRANSISTOR SYMBOLS — ARROWS. POINT IN DIRECTION _ 


oes at tas tee aan cee OF MOLE FLOW. 
mCOUVE GTR CO) oe ne cc € 


Tyo CURRENT. stows FROMTHE “EMITTER TO_THE. “COLLECTOR (THE 
TRANSISTOR.1S tore"), IF THE BASE IS. FORWARD — BIASED. BY AT. 


TRE. COLLECTOR _CTHE TRANSISTOR 1S "ON”),. “WHEN OPERATED IN 
ONLY... THES & TWO. MODES, TH £.._TRANSISTOR..EUNCTIONS.. AS A. SMUTCH. 
Pattee Fi If... THE. _BASEIS. FORWARD — BIASED, THE EMITTERS COLLECTOR. CURREMT. 
SMALLER....GASE... CURRENT. 
re THE TRANSISTOR. THEN. FUNCTIONS. AS UANAMPLLEL LER...TH| 

Pecan DIS CUSS.LO.N... APPLIES. TOA TRANSISTOR... AN AWIHALCH A THLE......£.M ITTER IS THE 
ie NNECTION.... FOR. BOTA. THE. WAN PUT UAND OUT PUTOOUAND ONS 


a 4 —COMMON.= EMITTER. CIRCUIT....SOME..SIMPLIELED. COMMON... 
cee EMITTER S Seer ATS. ARE SHOWN... BELOW, SO. YOU CAN. SEE OW. 

aa (THEY... MRE USED IN REAL CIRCUITS. EACH sow EXAMPLE. REFERS TO. 
Se ALUTYPICAL WORKING APPLIC ATION..IN CHAPTER 9. bs 


a ee She ine ne eee es eo RNIN SRN TS) (TD 


ia ‘a RESIST OFF RESISTOR en 
aaa ie ers a 
eae — ‘a ((C——— oe 


Bieta lces | __PIEZ0 BUZZER, ETC. 
IN PLACE OF LAMP. 


ONLY TWO. INPUTS. ARE POSSIBLE 3 GROUND. Co SAIN TOA Ei 
ss esta ee POSITIVE... BATTERY. VOLTAGE C+ VV). THEREFORE. THE. TRANSISTOR. 
ON. A. gp ecioaranees RESISTANCE IS. 5,000. TR ee 
A..WIRE,. THE 
NSIDER ABLE DISTANCE.) 


[JA BIPOLAR TRANSISTOR De AMPLIFIER THE VARIAG@E 
RESISTOR FQRWARO 
+ BIASES THE TRANSISTOR 
AND CONTROLS. THE 


CURRENT, TRE METER 
__ANDICATES THE OUTPUT 


KAO oe COLLECTOR = EMITTER) 
ae i Ju] cureemt, THE Seles 
et el Resistor PRoTecrs 
Ss ee > varane [NI] HE Meree FROM 
resistor. EXcéSSiIVE. CURRENT. 
a ee ee 


INA WORKING _CIRCUL Ty--THE VARIABLE..RESISTOR. MAYBE IN. 
SERIES... WITHA. SECOND... COMPONENT....BAVING A. RESISTANCE. e. 
[THAT VARIES .WITH. TEMPERATURE, LIGHT, MOISTURE, ETC... (WATER. 
wen [SHE VARIABLE. RESISTANCE. WIN. THE. MQISTURE METER ON neem 
cee P LOM.) WHEN THEW INPUT. SIGNAL CHANGES RAPIDLY, AN emcee 
woe Ce AMPLIFIER SUCH AS THE ONE 


RI ANS. \ STOR. A C. A MPL. L 6 eR — _THIS.1S. THE 
cone atuaneeitnuaaenmenen MPLEST.....OF SEVERAL 
cone BASIC... AC AMPLIFIERS... 
eee AE INPUT. CAPACITOR Ww. 


THE... LOAD. RESISTOR... BIAS... 
CAUSES. THE..OUTPUT. 
meee fo - CURRENT...TO. BECOME 
fa P\ nn MOLTAGE.. VEIXR), 


HE BIAS RESISTOR IS SELECTED ID. GIVE. AN OUTPUT. VOLTAGE. 
Of... A@ovT HALE THE BATTERY VOLTAGE. THE AMPLIFIED SIGNAL 
, pes’ ON THIS STEADY. OUTPUT VOLTAGE AND VARIES ABOVE AND 
BELOW iT. (witHouT THE BIAS RESISTOR, ONLY THE POSITIVE 
KA Q me NOQUT. SIGNAL ABOVE 0.6 VOLT (See Pn 4S) wine 
B AMO D.THIS. WILL CAUSE SEVERE DISTORTION.) TO SEE 
ONE way A WORKING VERSION OF THIS AMPUFIER IS. USED, 
__—-JTURN. NOW. To. Ps. 122 AND LOOK UAT THE ourpuT. SECTION 
Q THE... LIGHTWAVE TRANSMITTER neem 


MAKE__AND nw REQUIRE LESS SILICON. 


FIELD EEEEC) ..1KANSISTORS 


RANSISTORS..(oR FETs) HAVE BE. COME MoRE 
THAM...BIPOLAR. TRANSISTORS... THEY... ARE. EASY TO. 
THERE... ARE. TWo. MATOR 

nw METAL = OXIDE = SEMICONDUCTOR, 
AKIN OS AN. OUTPUT... CURRENT IS. CONTROLLED. BY A 


“RESIST. ANCE. 


ne 2. __ EDU a es. THE... DRAIN) 


AURRENT THEREFORE. 
BE “US Ed.....AS... 
0 RAL SWITe H. 


N= HANNE? “FET... _WORKS. A NEGATIVE 
CREATES _ ‘TWO__.HIGH.. RESISTANCE. REGIONS 
THE CHANNEL. ADTACENT TO THE P-TYPE. 

VOLTAGE... WILL. CAUSE... THE FIELDS. TO. 
AND. LOMPLETELY BLOCK. THE Gb 
THE GATE. ~ “CHANNEL. RESISTANCE IS VERY IGA, 


L] MORE ABouT TUNCTION FETs — SINCE THEY ARE VOLTAGE 


—~-{ CONTROLLED, TUNCTION. FET. R._TEETs) HAVE IMPORTANT 
ADVANTAGES OVER. CURRENT — CONTROLLED BIPOLAR TRANSISTORS! 
THE GATE— CHANNEL RESISTANCE OF AIF S$. VERY 

ERE FORE THE meee 
TLE. OR NO. FFEFECT "ON EXTERNAL COMPONENTS OR 

a ROUITS CONNECTED TO. ITS. GAT Ec eeaen nn 
THE VERY HIGH GATE- CHANNEL RESISTANCE MEANS. 
PRACTICALLY NO. CURRENT FLOWS IN. JHE GATE. CIRCUIT. 

WHY IS. JHE RESISTANCE SO Hicd ? THE GATE ANDO. 

HANNEL FORM A DIODE. SO. LONG AS. THE INPUT 

NA REVERSE BIASES THIS._DIODE THE...GATE.. HAS eee 

aa g (._-HIGH___INPUT__ RESISTANCE.) oe ae po tae tae epee toh: 
AIKE BIPOLAR  TRANSISTORS,.TFET s CAN BE DAMAGED . Stl? 

DESTROYED. BY EXCESSIVE CURRENT OR VOLTAGE 

owe (OL KINDS.WOF. TUNCTION FETs —  JFETs ARE USED IN MANY 
DIFFERENT. APPLICATIONS, SINCE THEY. CANNOT. BE USED 

{FOR HIGH...PoWER ROLES». MOST. ARE INSTALLED LN. SIAL neers 

wf PLASTIC.......OR. METAL PACKAGES... HERE. ARE. THE AIM 

weep CATEGORIES 2000 fee sas 

pans “SMALL__SIGNAL__AND_SWITCAING ,__ 

— SMALL SIGNAL__IFETs ARE USED. AT. THE. 
aon ao ee eed PUT STAGE.OF AMPLIFIERS. TO PROVIDE 
ef A. HIGH RESISTANCE INPUT. THEY ARE 

ane ALSO. USED AS SUITCHES 


“WIGH FREQUENCY JFETS 
A PAPLA EY. 


Peres eee THE METAL~Ox! IDE= SEMACONSN.CTOR_.____WETAL_Su.Ara_—_ 
cnn (PET. COR. .MOSEET) HAS BECOME source. 

cnn POE. DST IMPORTANT. TRANSISTOR, 

Renner MOST. MICROCOMPUTER AND MEmoRY 

eect. | JISTEGRATED. ciRewTS ARE ARRAYS 


) MOSEETS. ARE EASY TD 
aaa _TAEY.__CAN._8E VERY SMALL, 
SOME __MOSEET eR QvIT'S 


MOSFET OPERATION— Aue 
‘esters bocomeaascascal MOSFETs. ARE N-TyPe OR P-TYPE. ~P= MOSFET. 
fUNIIKE TAR TUN CTION. FET, THE. 
GATE...oF.A.... MOSFET. HAS. NO 
ELECTRICAL... CONTACT. WITH... THE 
QURCE Se ee ae 
CAN... -WSULATOR) “SEPARATES. eerie re Mri 
THE..GATE’S... METAL. CONTACT... ; 


A POSITIVE GATE VvocT Ad 
ATTRACTS. ELECTRONS. TO 


Fl] MORE  ASouT MOSFETs —- THE INPUT RESISTANCE OF THE. 
{Mo ISTHE _HIGHEST._OF ANY  TRANSISTOR.._THIS 
AO. OTHER FACTORS. GIVE MOSFETs. IMPORTANT... ADVANTAGES. 


1, THE._GATE — CHANNEL RESISTANCE 1S ALMOST INFINITE 
_CTYPICALLY 1, 000 .,000,000,000,000- OHMS). THIS MEANS. THE. 

A PULLS. NO. CURRENT FROM EXTERNAL CIRQUIT S. CWE: 
AY._BoRRow. A FEW TRILLIONTHS OF AN. AMPERE.).. 


2. MOSFETS. CAN... FUNCTION AS VOLTAGE - CONTROLLED VARIA GLE.. 


RESISTORS. THE GATE VOLTAGE CONTROLS CHANNEL _RESISTA & 


LOW NG 


voor REDUCED OR occ STOPPED o.ccrnrenneernnen 


O A MOSEET..LAMP. DRIVER— THIS. ciRCUIT. SHOWS... 
oe POWER. MOSFET. CAN. BE... saadte 


aged Eek 


o 


- 


CY 
haat & nvr 

— 

LJ 


SINCE. 
PowER... MOSFET... 


SWATCH. CP 
REPLACED...6. 


LIKE UAW. DIODE WITH 
CONNECTIONS. ET OO 
rob KE An MOLTAGE = CONTROLLED d 
eee {SLITCHU AND. DOORS NOT. AMPLIEY. UU @ASE A 


SEVERAL... 
LT SWATCHES. 
HIGH. CURRENT 
coon ROM. BASE. 1. 
TER. BEL 
VOLTAGE.., 
FLOWS... “FROM. Gia 
ees > enone! HO — EMITTER... a 


lors... TRIGGER... VOLTAGE. ms 
IS. REACHED. THE. cURRENT._.| 


SMALL 
CURRENT 


LEAD wi Ibe ALLOW. proce essay 
LARGER CuRREWT aa etait itt Saale pana ae asa aac 
HROUGH THE 


NSTEAD THEY. sabes ibe eae EOE PIERRE ST, LOE SE OI Peer 
[SQWITCHES.. THERE ARE TWO FAMICIES OF THYRISTORS.. SILL CON= 
JCONTROLLED... RECTIFIERS. CSCRs). AND. TRIACS... SCRs. SWITCH 
RENT. AMD TRIACS SWITCH ALTERNATING CURRENT... 


~CONTROLLED —RECTI FIERS E 

[me ScR IS Simuag TO A GiPoraR ANODE. eee eee 
ANSISTOR WITHA FOURTH ¢AYER 
LTAEREFORE THREE PN TUNCTIONS. : TET 
_s OMETIMES.. CALLED A Y- LAYER oO 
OLODE.... SINCE IT. PASSES A 


cen ©) eee a ee ee Seen Ree LN CATHODE eee baa 
pot NOLS UT AY Css TEVA TE aC TNO a a ns 


TARE FORWARD BIASED, THE MIDDLE PN JUNCTION, HOWEVER, IS... 
REVERSE. BIASED. AND. 
GQURRENT. CANNOT... FLOW, 
: LA SMALL GATE CURRENT... 
meee ‘eof i. FORWARD BIASES THE 

fe seeder eae GESTS 


nes Saas en = geen ee 
Lj-6low._TH@ouGH. THE 
t jj DEVICE... THE SCR 
2 {STAYS ON EVEN IE 
Waianae is a} —-TME_GATE _CurgeNT 


wan ffl KINDS ScRs ARE CATEGORIZED ACCORDING To 
{THE CURRENT... THEY... CAN SWITCH, HERE ARE THREE GENERAL 


__ [CATEGORIES CMANY OTHER CASE STyces ARE _ Raa ae 


ZEN __ 2, S00 = AMPERES AT UP. =e __SEVERA 
CO crneerrererrne TAQUS AND VOLT S| THEY 


sare ~-fELOW. _SCRs 


iis __ ARRANGEMENT. 2 KOWS How. AN SCR < eenenceeReenEs - 
oe DTD. SWITCH UO UAN. UN CANDES CENT OU te Ce ee oe 


AMP. OTHER. DEVICES CAN ALSO. GE 


vere a THE TRIAC IS EQUIVALENT ceaon 

__.._|TO__ TWO SCRs CONNECTED Renee aan , Cekereeetaiieh ceaeas Bes 
= IN. PARALLEL, THIS. MEANS D_ MAIN. TERMINAL 

ee cena Ge ie ae ae Zoe ad 

See eaae| IRECT AND ALTE@NATING ss tN IY 
URRENT,._NOTICE THAT THE. are eee 

LTRIAC._. HAS lye LAYERS Gate ? MAIN TERMINAL. 

[Plus AN exrRA N-type ss dL NO OA 108 Ai) 

conn (| REGION. ALSO NOTE How Rr toe ee ere aes en he a 

| ALL THREE LEADS MAKE CONTACT. a) 

conn WITH TWO. LAYERS. ae er ee Se eee ae nie 
ihe sonore OTRIAC OPERATION — THE TWO PARALLEL _SCRS THAT. 

aos i a cere cot haart eee a ee ne Form. A. TRIAG FACE 
eee. OPPOSITE DIRE G= 

mere TIONS. CREVERSE = 

see PARALLEL). WHEN 

_USED TO. SWITCH. 

nae ie J ALTERNATING CUR- 

ies ete here Melee ad ot eet oor SOUT OU Te te tae ee RENT, THE TRIAGQ 

enn AURRENT | ON | STAYS...ON ONLY 

: : WHEN... THE GATE. 

7 RECEIVES CURREMT 

_ f a REMOVE THE GATE. un s 

Gress = ee do cuRReNT. AMD. IT 


woo OAWLTCHE SOF F...WIAEN 


CL KINDS oF TRIACS — TRIACS ,. LIKE... ~SCRS.4 ARE... CATE=_. 
Weds GORIZED ACCORDING TD THE CURRENT. _—e THEY...CAN. SWATCH... 
verte TRIACS DONT... HAVE THE VERY HIGH POWER. CAPABILITY OF. 


eh ee HIGH CURRENT. SCRs.. HERE. ARE TWO. CATEGORIES Sennen 


_ LOW. CURRENT TRIACS _ woe SWAT OR UPTO = 
A AMPERE OAT UP TOUSEVERAL HUNORED 
w VOLTS. .OTHER CASE. STY4ES ALSO. USED. 


Sete JHESE TRIACS Switch UP TO AO Seats 


ennnNnennS BRS BF | pa AMPERES OAT UP TD Loom = VOLTS. MANY 
Sa i Se CASE. _STYWES ARE AVAILABLE, 
Se cee ge 


TRIAC  SYMEO! Fe SPT AE ESE si 
SAME AS TWO... REVERSE — PARALLEL 


SWITCH 
—|S\GNAL..IFTHE VOLTAGE... ACROSS. 
——{REACKES.....A_ CERTAIN. CEVEL. _ — THE. GREAK DOWN. 
ef THIS SCE: . nnn POSSIBL 

YARIS TORS... 


ARRON 1S. THE FAST. GROWING : 
INVOLVING SEMICONDUCTOR..DEVICES THAT MU. ND.DETECT.__ 
IGHT... BEFORE LOOKING .._ATSOME PHI OTONIC QMPONENTS...0 


LET’s. TAKE A Quick. LOOK. AT. SOME FACTS... ABOUT...CIGHT. 


ANECES. SARI LY__Vi SIBLE. aereer AND. 
SEE ARE COLLECTIVELY.....CA 

fp ARE PRODUCED. WHEN AN. 

ae HIGHER... 
FALA Ss... BACK....TO ITS. 


ae TRO N s_ 


CP. REMEMBER, PROTONS...ACT. 
_THE.... DISTANCE... 
WAVELENGTH. ELECTRON S.....EXCIT. 
WLEVELS....EMIT....... PHOTONS. 
_WATH... SHORTER... WAVELENGTHS... THAN... 
ELECTRONS 


Q] £. ELECTROMAGNETIC SPECTRUM — VISIBLE LIGHT IS 


ULTRAVIOLET 


GAMMA RAYS 


| Lopm =. 1 PICOMETER | (0,000 200 000001 METER) 
danms.t NANOMETER... CO.000. 000.001 METER) 


: ULTRAVIOLET, VISIBLE eee AND... 
rae NERARED_ RADIAT. LON. ON. ARE. TD. GE THER __CALLED__THE._9 PTICAL 


SEMICONDUCTORS EMIT. OR DETECT. NEA 


——fINERARED RADIATION... _ SILICON, FOR EXAMPLE, CAN DETECT... 
—~—j}MSIGLE ALIGHT. BUT IT IS. MOST. USENSITIVE TO. NEAR 
NEFRARED. AT. ABouT... @8Q nm... BECAUSE SO MANY. 
PHOTONIC oo ee eee JN BOTH... THE... 
‘i a ae NEAR = INFRARED, ITS ¢ COMMON 7 


CAL_COMPONENTS_______ ee 


HARACTERISTICS O& LIGHT. SEVERAL_A RE. VERY. IMPORT 
IN MANY. APPLICATIONS OF. PHOTONIC... SEMICONDUCTOR: 


SOME. OR. MOST. OF AN 
ONCOMING LIGHT BEAM. 
SOME.LIGHT. MAY OR. MAY. { a 


_ CAKE... MIRRORS) 
ww ARE.. CALLED... 
SPECULAR... SSE CUERS. es 


: cone Ph GLASS oc “MICROSCOPE. 
BANS ON COMA Geer ol es SLIDE... MAKES... AW @Q2 
BEAM... SPLITTER» CEA.CH 

SURFACE. REFLECTS.4.%.). 


PART... OF... 
LIGHT. BEAM. ANO TRANSMIT 
THE... REMAINDER. ede Eater 


: BEND -ELGsT.— TE host . “MPORTANT..ARE 


“CONVEX. ik NS S=FOCAL “POINT 


_GENSES ARE QETEN USED. 


EXIBLE as ere 
TRANSPARENT GLASS OR PLASTIC 
THAT.CONDUCT... LIGHT. THE . , 
LIGHT... TRAVELS... THROUGH. A. SORE Seco eee 
SURROUNOED..... BY A THIN. CLADDING... 
PLASTIC... FIBERS. ARE INEXPENSIVE. ASS. baad = 
LAS! UNODRERS...... 
F. TIMES...ChEARER 


FELEPHONE.. CALS. AND 
A. PULSES OF LIGHT... 


OW. CONVEX LENSES ARE LSED 
IMANY SEMICONDUCTOR LIGHT. SOURCES. 
AND DETECTORS ARE EQUIPPED 

| WATH A BUILT=IN CONVEX LENS. 
K PAGE. EXPLAINS WAY ANNO . 7 ONE ROT TT 
—|SHOwWS How EXTERNAL Lens ARE Sco 


(USED with sOugcES AND DETES 510) 5 nese ocean 


SCD een eee dns eS ‘ 7 —— re 


_Te 1S FACT .t..L\G AT..TRAVELS. |. set. Pe [Sameer nna Ieee ONO Nees 

| PER SECONDL nn 

rnanmanre thao dyin naman vovasnsnihteninidnn renannbe wren wnererenenannenanenennan norma 4 

ss AS LIGHT -_ EROM 4 oA VERY... SMALL... __SQURCE. __ SPREAD. S53 QUTWAR [> raeee eee 

po NSATY..1S..._ INVERSELY. PROPORTIONAL TO. THE... SQUARE....OF THE. 
DISTANGE...IN. OTHER. WORDS.»..LF.. THE.DISTANCE JS. 3.4 THEA 
THE. INTENSITY OS LF THEIN, TENSITY. —WHEN...THE. DISTANCE AS A. 


~GAN_ CANCEL. THIS. INTENSITY REDUCTION. 


pave AE ACTUAL... SEAM. SPREADS 
|. _CDWERGES). LIKE THIS 


me GUT.THAN THOSE. _ wird SHORT__ALL THE ae oe ee 
{LOCAL LENGTHS 10. DASHED. CIRCLE. CAN. BE FOCUSED 
mona nntennnntntetnnennnnneennn nnn ONTO. THE O1GHT SENSITIVE 


KONE RADIAN IS..5.7.3. DEGREES. PORTION. OF THE DETECTOR ons 
(THERE ARE 360° IN A CIRCLE.) (SURE BEATS THE INVERSE SQUARE. &. caw!) 


NER __MOsT_.SEMI= 
ON DUCTOR ORY ST ALS 


WILL EMIT VISIBLE OR 
Nasu MERARED.  LIGAT, THE. ELECTRONS 
B _. SEMICONDUCTOR : Le 
ef GHT SOURCES » HOWEVER, __SEMIC ae 
cere ARE PN TUN CTION. DIOPES. CRYSTAL URS 1-1 See 
ees, GHT EMITTING DIODES 
ITE LicuT. 1 a O9 a 
—lpiepe Converts __AN oN a 6} ; 
Bane LECTRICAL. CURRENT. PHoTons 2 ® - 
cf DIRE OTAY. ONTO. LIGAT. (SD 
_ THEREFORE THE LIGHT 7 
coef EMITTING DIODE CeED) A is 
iS Moge EFFICIENT. THAN ee 


ACROSS....A. 
hee ae DIODE... MUST... EXCEED A THRESHOLD... ZEVEC. BEFORE AU 
cnr CURRENT CAM CROSS THE  TUNC TION. FOR.....SILICON. . WMICH. 

MITS OA TINY AMOUNT.Of. NEAR= INERARED.4... THE... THRES HOd D_.. 
senrerernieenn[ |S en Oslo" VOLT... FOR... GALLIUM. ARSENIDE 4 WHICH....EMIT.S....CON) =. 
aie caeanaiatiat SIRERARLE  NEAR= INFRARED, THE THRESHOCD...IS._ 1.3 = MOGTS... 
se THIS... VOLTAGE EXCITE S THE ECECTRONS..0 WHEN OTHE 
aor RONS. CROSS THE JUNCTION... AND. COMBINE. WITH 
arreesee sel Once 5) hy AR rs REA 1 001-9 ee ee NET 


| EORWASD..BIAS si REVERSE BAS 


ST _ ELE RT RON Flow. NO. CURRENT. FLOW 
eer POG See Ss ONT Rw ea 


OPERATION —. HERE AR SOME. KEY 
OPER ATION... YOu SHOVE .k AGau: 


tee WWE N...... AN) ary BEGINS... 
~YOLTAGE.. 
GR c < ALLY... 


ce WHIGE. THE... QURRENT INCREASES 
RAPIDLY At UCH CURRENT. 


OVERKEAT.W THE. FEO 
AND... POSSI BCY.... SEPARATE... THE 
fennel EA DS. PR oni EGT.. THE... 
oONAVETOR.. CAL. 


THe. teat. EMITTED. BY WANA... 
 QIRECTLY.... “PROPORTIONAL. Se 


ee THROUGH... THE... LED... 
TRIS. MEANS. LEOS ARE. IDEAL. 

a RANS MiTTING. INFORMATION... 
fom THE. LGA T... OUTPYT...FROM. AN. 
wmf OWVERNE ATER. LED WILL... SOON... . 
fimo DECREASE oo. THE. HE O MAY. ‘EVEN tt 


j 


‘LIGHT ‘ouTPuT 


sen FORWARD... CURRENT... CMA). ccoccennscerenonne s 


: QE AN. a ees 
Y. RELATED. 0S... €: 2.3 
OT... ALWAYS. B90. CYELLOW) |. 


‘ VOLTAGE AN Q. 
DIFFERENT. 


FLAT. 


THEE Poxy.  THIS.._DIFEUSES THE EAD. 
IGHT...AND . CAUSES. THE BND. 
QF... THE. LED TO. APPEAR BRIGHTER. 


____|VISIBLE_LIGRT. LEDs. __ 


_ MANY KRINDS. OF. ‘LE: : 
__CAPABLE._0F DISPLAYING... DIG/ 


Fy... CRYSTAL... “DISPLAYS BUT 
emeereceee NN eie Nita Seite Armee .Cisiae eee MUCH... MDRE CURRENT... 


| ARE SEO. TO. TRANS MIT INFORMATION... 
ce THEY ARE ALSO USED UN INT RUS LOM 
DEVICES... 
ter An SPECIAL KIND WOF. ANE. 
eather ste Merce tees __ RED LEO 1S THE DIO OE... LASER. 


aA 
oe SOME EMIT SEVERAL waTTs | 


—HiHOW LEDs ARE LISED ese ae ee 


—— LED s._ CAN. BE POWERED. BY CONTINUOUS... CURRENT. 1 ne 
wnef BY. _BRIEE PULSES OF CURRENT, WHEN OPERATED Oo 
CONTINUOUSLY , THE CURRENT CAN CE. VARIED TO CHANGE 


_ SupRLY HA 
INCLUDE AL BUILT = IAL. 
SERIES. RESISTOR. MOST Do Nor. 
T1S_.. AMP ORTANT TO. KNOW HOW 


ISERIES RESISTANCE CRs 
FFORMULA IS 3 


_|Rs = SUPPLY VOLTAGE — LED VOLTAGE op Pe — 
LED. CURRENT... 


EXAMPLE: SUPPOSE. id 
ved B FORWARD CURRENT... pias, _OF 10 - MILLIAMPERE S.. 
Sa MOLT. SUPPLY CV) Veep IS 17 = VOLTS. CE ROM 
\THERE FORE. Rs. IS (5 -2.20/0.01_. 


eA Gow —J&_THE TESTED ee. = 


wp LOO = MILMIAMPERE S| WHEN. DRIVEN. BY BRIEF 
J.CURRENT....THE SAME. LED MAY SAFELY 
roan 


NERGY  ENTERIN eet Cena Pius tet B aS 
ONDUCTOR CRYSTAL sss HOLE N -EXCITER. 
ef KCI TES. ELECTRONS TQ ELECTRON 
ersritonieacone AHL Bk CEUEIIS TE AM (RN Cs NE lt noel 
BEWINO Holes.” THESE = cgystaL 
ELECTRONS AND HOLES CAN leit jAS ES sett 
RECOMBINE AND EMIT PHOTONS, a? fT nee Sener eee 
OR THEY CAN) MOVE AWAY FROM. ELECTRON. HEAT 
ONE ANOTHER AND FORM A aay 
RREK THIS.Is. THE @ASIS. OF SEMICQ 


DETECTORS. THERE ARE TWO MATOR CLASSES. Of 
SEMICONDUCTOR. LIGAT | OETECTORS ,. THOSE. WITH ANNO. THOSE 


Semana A OUT. PA STUNCTIONS. ee ee eA ee 
‘i PHOTORESISTIVE LIGHT DETECTOR ae pe 
HOTORESISTORS ARE Semi-  QD Oo an 
ONDUCTOR. LIGHT. DeTecToRS.. << 
——————-—- WETHOUT. APN TUNCTION. 


THEIR. RESISTANCE IS VERY OO 
HMIGH CUP TO MILUONS OF OHMs) 
WHEN NO. CIGHT IS PRESENT. tt 

NILLUMINATED, THEIR 
RESISTANCE Is. VERY. Low _ 
HUNDREDS OF OHMS) 


IC] PROTORESISTOR OPERATION, - 
M PANEL SHOWS How A. 


PHOTON. CREATES A HOLE- ELECTRON | [7% 


R..-AN._EXTERNAL VOLTAGE |. 
LL. FORCE THE HOLE AND Aare 
RON. TO. MOVE. ener ae 


vO MOVE THE ELECTRONS 


eee _ANO FoRmM A CURRENT, 
eae Soe 


T] MORE ABOUT. PHOTORESISTOR OPERATION —— HERE ARE SOME 
| . 


PHOTORESISTO RS..UMAY REQUIRE A FEW MILISECONDS oR 


| MORE TO FULLY. RESPOND TOA CHANGE IN AIGHT. 
| INTENSITY  CTHAT’S: PRETTY Stow), THEY MAY REQUIRE 
MANY. MINUTES TO RETURN TO THEIR NORMAL DARK 


RESISTANCE WHEN LIGHT IS REMOVED (THE MEMORY 


bone on TAG. SEMICONQOUCTOR MOST 

wef -OETEN USED IN. PHOTORESISTORS . 
weber $n CADMIUM. SULFIDE . ITS. 

SRN SATIVATY TO. LIGHT 1S. VERY 

WLAR TO. THAT..OF THE = 

wmf MAN EVE! LEAD SULEIDE 

A S.._ USE. TQ.. DETECT IN ERAS 


peer coer —————— nev COATED. BETWEEN INTERLEAVED. ELECTRODES 


ge Y--TO__INCREASE THE EXPOSED SURFACE... 
= eA PLASTIC. OR. GLASS WIN ROW. MAY 
aan Loe ee OR MAY NOT. BE USED 
on SYMBOL. . 

eas “SYMBOLS..SHOWN 

HERE ARE. USED. ser cao ste tN 

HOW PHOTORESISTORS ARF USED 

POTORESISTORS ARE eo 
nf VSED UN hI GAT CON S| Poy 7 POLENTLOMETER... Gis otal 51-1 > eee eee 
(TROLLED. RELAYS. AND THE. CURRENT. METER) 


GUT..._.METERS. a 


ce THE. ARRANGE MENT 
— SHOWN. HERE INDICATES 

ON.A. CURRENT METER 
—(THE..IMTEN SITY OF 
f}Gl6AT.  MLUMINATING 
nf A CADMIUM SOLFID & 


PN. JUNCTION /IGHT _ DETECTORS Sen ee eee sree 


P TION. LIGHT DETECTORS. x | 
QR AG SE BRGEST EA MUEN sccsnsmtc 
QE PHOTONIC. SEMICONDUCTORS, OF. 
MOST ARE MADE FROM SILICON a 
= AND. CAN DETECT BoTH VISIBLE. 
IGHT.AND NEAR -INERAREO. OT 


OF... SIICON 
PNAWTUNCTION. 


OR. LIGHT DETECTION. THEY. ARE Mh) 
SED IN CAMERAS . INTRUSION. ALARMS leca= 
aie aaa RAEN ES Pee sd Or eeeemes 


Peeetermiow eed ko PROTODIODE.OPERATION... Seete be 
comemaeerrenrernf Bic PHOTON..WI6G CREATE. A HOLE = 1 OMT 
eee ee it oe me 

Seats TUNCTION. A CURRENT WILL Flow} 

= [LE THE TWO. SIDES OF THE Ot 

cone PUNCTION ARE CONNECTED, TWO. : 
eon nrennenf OPERATING MODES. ARE POSSIBLE Sinaia 


| 4. PHOTOVOLTAIC OPERATION 


conan PECOMES A. CURRENT. SOURCE WHEN... 


KINDS. OF  PHOTODIODES 2. 
SHOWN. HERE IS A TYPICAL 


__[CPLASTIC HOUSING. BULLET =_IN sal |x Ne Se reac 
a jLENSES WAND EU TERS 5 eye) * 
RE MOST...IMPORTANT.. DLS = roar 
INCTION. 1S. THE SIZE OF 
SEMICONDUCTOR... CRIP. 
CHIP. DESIGNS. 


resreee Ht} SE__ PAO" TQDIODES. “HAV E.. VERY EAST. 
eeenererre RESPONSE. TIMES WHEN. US! 0. Rees et seo cere renee 
enw REVERSE — BIASED. PHOTOCONDUC TIVE MODE. 


THOU GH. ‘SLow! 6R RES! Pos N DING ee “THAN SMALL 
AREA PHOTO! DIODES... THEIR. LARGE. AREA. 
PROVIDES... HIGH. SENSITIVITY 


PHOTODIODE. : i SY (BOL. Si Soon fq CA 
OTH... SYMBOLS. SHOW. eke = men 


7 aa 


aoe Ot O_cAUB! R, ATE THE 


aaa PeoubeS A 3S) | 
PHOTOCON DUCTIVE. MODE 


RAK OR IS AN NPA SHaMiegn es nee ese eS 
RAN OR THA AR lp BOT ON So 
XPO SED BA R AYN PHOTONS. mw oat 
MTERLN im BA REPLACE. ar 


DIR AMPLIEIES VARIATIONS NOTES 
nel THE NUMBER OF PHOTONS. __._ BASE. _LEAD IS OPTIONAL. 


IN A, OR OPERA TION — Two TYPES ae OF 
Pp CaRepan ietas eS = Bae AVAILABLE. ONE IS OUAN NPN 
A Nanos hee a denueS) aE SaBeE Cees ser seek 
IN OND NPN TRANSISTOR TO PROVIDE MORE. AMPLIFICATION, 


p PH fQ 
IS 


- OS._OF  PHOTOTRANSISTORS —f— EPoxyY_ 
~~ {SHOWN HERE IS A TyPIC AL 
—fhOW COST NPN PHOTO p 


A OTHER CASE. STYLES A thee 
AR Also. USED  CMETA p _MARK 
GLASS. LENSES, = 

IMPORTANT THE BASE 
LEAD MAY OR MAY No 
PRESENT... MANY. PHOTOTRANSISTOR _ —7 
__QiRCUITS._ Do. NOT. Use THE. MUTTER. 
_-| BASE. CONNECTION... 


_fUSER. TO. DETECT. 
LIGHT. SIGN ALS.TH 
USES A STEADY Cpe) 


GHT._.TO. ENERGIZE = =) 
| THE DIODE Fe 


| PROTECTS... a 


p 
SS 


MEMBER. OF THE FAMILY. 1S 
E. LIGHT ACTIVATED. SILICON 


AMOUNT. 
ome ALE -CAN SWAT FOR cc 


CURRENT. APPLICATIONS. AW. 


a USED. TO. TRIGGER. 
CONVENTION. | | SRO <i” one 


Becca _MC ost ee “LA SCR: s__CAI NSW. ne CA. WP TO ALE WW. 
~-HUNDRED VOLTS. MAX LMULM.. CURRE 


|. ONCE . TRAGGE RED... 
.__ BUZZER. REMAINS. 


THIS... ARRANGEMENT... ALLOWS. 
oA LASOR TO TURN OS ben 
AN. EAR PIERCE 


a sunenin—pibzoniones canta HH 


af WAT HUAN EXCEPTIONALLY CEES CB oe 


SZ CULL 


of IIS BRIGHT. r 
fA 


Sint MANY....DIFFERENT. KINO SOF. SILICON. SOLAR. 
cnn ELS ARE MADE. OFTEN...INOIVIDUAL..CELLS..... 


NTEGRATED CIRCUITS 


THE COMPONENTS ARE CONNECTED 
0. ONE ANOTHER WITH ALUMINUM 
"WIRES" DEPOSITED ON. THE. 


{ THE. 
RESULTS. AN. INTEGRATED CIRCUIT. Bede Do 
INTEGRATEO....CIRCUITS (OR TC's). CAN CONTAIN AS FEW AS SEVERAC 
ae TOL AS MANY WAS. HUNDREDS OF THOUSANDS.....0F. TRANSISTORS. 
nf THEY, HAVE MADE... POSSIBLE. VIDEO.GAMES.,....DIGLTAL.. 


eee AEF ORD ABLE COMPUTER SO ANDOOUMANY. OTHER. VERY... SOPHISTICATED 
cecsctscesenncenseceneeef PRODUCT Soe -KERES A SIMPLIFIED. AND. HIGBLY. MAGNLFLEO. VIEW 
coef OF AW SECTION... OFA BIPOLAR INTEGRATED. CIRCUITS ence nennreeneeennane 


ZS 


~ : Te kL KE, INSULATING. 
sl ma Ce = : ; SUBSTANCE... 


cee nneneeneeenf RESIST: AP. 
cee SRCTION..OF. PeTYPE 0 UNO TION QF .PN JUNCTIONS 
SILICON. FORMS. AL FORMS. A 0). ¥ 5 2 es. 
RESISTOR... Diode. .__ TRANSISTOR 
pore OF. COURSE THE CONVENTION AC COMPONENTS SHOWA BELOW. 
wn THE IY MAGNIFIED SECTION. OF THE. TC... ARE. 
Not DRAWN To THE SAME  ScAce, FOR EXAMPLE ONE KINO 
[OF EC INCLUDES. 262, 144. TRANSISTORS ON A SILICON. CHIP 


ONL ABouT 4/4 ImcH  SQunge ! 


—— NOS OF INTE GRATED Ci@CuIT S = INTEGRATED CIRCUITS 
ARE GROUPED INTO. Two. MAJOR CATEGORIES + 

| Laan ALOG Cort LISEAR) TC's PRODUCE, AMPLIFY OR RESPOND __ 
~LTO...._.VARIASLE.__ VOLTAGES. ANALOG _Ta's EA 17) SO 2108 
__|kinns._OF  AM@LIEIERS,_TimegS.,_OSCMLATORS ANID. VOLTAGE. 

——|REGULATORS. a Face 


12. RIGITAL Cor Logic) TC's RESPOND TO OR PRODUCE SIGNALS 
HAVING ONCY TWO. VOLTAGE. LEVELS. DIGITAL. TC's IN espe. 
mn { MICROPROCESSORS, MEM WRN Serre hae AND. MANY RIAIDS 
wf OF. SIMPLER CHIPS. =. . eae : 
anne BO ic of ane COMBINE. ANALOG AND DIGITAL FUNCTIONS. ON A 
SINGLE...CHIP.A..._ FOR EXAMPLE... A DIGITAL. CHIP MIAY INCLU PE 
A BWI6T = IN ANALOG. VOLTAGE. REGULATOR. SECTIONAL ANDO AN 
wee} ANALOG. TIMER CHIP MAY. UINCCUDE AN ON CHIP DIGITAL ie ence 
we (COUNTER TO. GIVE. MUCH LONGER TIME DELAYS TAN teen 
weed POSSIBLE... WATA THE. TOMER ALONE. aeons 


OUTAGE) ee ANALOG. Ie's DIGITAL e's 


Cl Kinos. OF INTEGRATED. CIRCUIT PACKAGES — IC onips. 
ww fARE SUPPLIED IN. MANY DIFFERENT PACKAGES BY FAR. THE ne mneennninsin 
anf MOST. COMMON. ARE. te ee THE DUAL IN=LINE PACKAGE 

ORR ITH E_.DIP... _MADE..FROM... PLASTIC. C CHEAP)._OR 

Amic. (Hore Co ee ae a 
Se tT AN EN EOE BUT THE PIN) CoAT CAB RANGE. FROM. ecm 


eetee feemnenaeefescsetrtnernenrerceennntnnnino MANUFACTURER'S. 
DEX...MARKER ss sLO.GO. CMoTOROLA) 
CimpicaTes. PIN AD 


M AL CAD. TI 
Pi! BEING REPLACED IN MAA Sees 
HEAPER PLASTIC... DIPS. 


____|& DIGITAL INTEGRATED CIRCUITS 


Qo ATTER. How COMPLICATED, Alt DIGITAL. INTEGRATED 
CIRCUITS. ASE MADE FROM SIMPLE BUULDING Blocks 
CALLED. GATES... GATES .._ ARE. LIKE. ECEGTROMICACLY CON = 

RO DS wars EY .ARE. 61 THER ON OR 9fE. 
HOW. DO GATES WORK?  LET’s sTART. WITH THE BASICS 4. 


M BNICAL SWHCH GATES. te es eee et 


HE. THREE SIMPLEST GATES CAN BE DEMONSTRATED WITH 


OM ~PUSHBUTTON..SWITCHES, A BATTERY. AND OA. LAMP. 


lo switch "Amo" GATE. TRE. LAMP GLOWS ONLY. WHEN 

’ . SWITCHES A AND 8 ARE CLOSED. 
= fF — THE. TARE. __SUMP MMARIZES........THE..... 

- <a fe} Sates _orerarion, 11 $_CALLED A 
yO TRUE ROLE 20 cole renitiostnialade 


cS vormasty..,26n... Sf (NEE) — ores suircn 
z CP ae OFE 


O Switch “ora" GATE, 3 THE._LAMPGLOWS.ONLY._ WHEN 
etter ente rte ae eek SWATCH AOR. SWITCH...B. OR... BOTH. 
‘ _NORMALLY_QREN Stal ITCHES. AAND. BARE. LOSED. 
Sener oe oe PUSHBUTTON HERE'S OTHE TRUTH TABLES 


» SWITCHES Spon — 
ee a eee ere C1 eee 1 ht 5 pear 
von ARE THE GATE'S  OFF....OFF | OFF 


GLOWS ose L Yee 
iia ion hannnasobisi "WHEN THE Su WITCH AS OPENED. IS. 
NORMALLY. CLOSED. THE. LAMP. OFF, IN. OTHER. WOROS, 
PUsSHeuTTON THE "Nor" GATE Reverses. CimverTs) 
WITTER THEE USUAL UAC TION. OF A SUITS a mcee 
HERES. THE aT RYT TA Et ene 
"Not! GATE 1S ey a 

ALLY. CALLEO THE 
Se ee Off 


TTS. POSSIBLE. SUBSTITUTE. THE DIGITS _O. 
_OFF AND ON STATES OF A SWITCH. THE TRUTH TAI BLE. 
FORTHE. GATES.....ON. THE PREVIOUS... PAGE... THEN... 


a > ie ern ea. '0.0.00..0.000. . 

ie Caceres 10.0 0.0.0.0. Ol A_BINARY._ 0... ee ee BA BVT oon 

erence roreneerereerrerenth Qe O..O.0.0...0.0.1.0...h.. PATTERN. .OF..4. BITS. 1S. 

coe eee rnd O.0.0.0.0.0.11. A PATTERN. OF 8. BITS 1S.A.BYTE.. 

ses Ns ccncenh OO OOO GMO 4 OOS 22 he 
pe th OA O 000 OL OL BCD EACH. DECIMAL DIG 

pot Oorerenrrmmbicd Onn OOO. OL LO ASSIGNED ITS. BINARY. EQUIVALE! 

ieee A OOOO OF LA NOTE. THAT LEADING ZEROS. ARE. 

Mirco! = lettre ie 0.000.141.0000 SHOWN. WIN DIGITAL .BL 

woh OO AW 00.0.0. 4.0.01. ALL BIT LOCATIONS... ARE.O 

<2 b acscceinselh Oe TO O'O.04 00°00 

coh GALA OO OL OO OL 

wehbe Preise AAO Oi ONO OT 20 ON Oo Ot 

ee ie eee Wo beer cece © Reman enn, Se. 

an A cr Sn GON Gs QOOLWOVOO 
Lehi hd OL O1OL 


es | 


Causes) ALC AT. ONCE Ceagauces) ae 
oe fORA BIT ATA TIME. CSERIAC).. SHOWN 
——HERE_ARE SERIAL ANO PARALLEL. 

w|TRANS MISSION. OF 18 ....14.2.13...12. 


DIODE. GATES Be i at es re St A and oo 

1S DESIRAR/E TO CONTROL.A GATE ELECTRICALLY. 

_TKAN.... MECHANICALLY THE... SIMPLEST. ELECTRICALLY. 

CONTROLLED... GATE OSes PN JUNCTION... DIODES. THAT. ARE 

[irr sev -CEORWARD BIAS) OR OFE (Reverse. BIAS) BY AN 
| 


SIGNAL...OF... SEVERAL. VOLTS. C BINARY. OR._ HIGH). OR 
INPUT. Bern ee ae BINARY O.OR LOW). 


LN PY 


~Bésisron—_ 
Ctx) 


£_UNPUT.._ VOLTAGE TE WHEN. “THE UN Put. “VOLTAGE AT. 
AOR. AS...MORE. POSITIVE A AND BIS MORE PosiTAVE. 
THAN...GROUND,..1T. PASSES. THROUGH. TRAN. GROUND 4. CURRENT... FLOWS... 
KE...FORWARD..BIASED.. DIODE (Ss) FROMTHE. BATTERY. THROUGH. THE. 
HAND. APPEARS...AT. THE. OUTPUT. RESISTOR TD THE ouTPuT.. LF 
OTHERWISE. TRE. OUT PUT. IS EITHER OA OR BOIS. UAT. OR 
JAT.. OR... NEAR. GROUND... THE NEAR GROUND, ONE. OR. BOTH. 
TRUTH —TABLE IS VAUD FOR DIODES BECOME. FORWARD. BIASED 
INCUTS....OF.O.VoLT CO.oR Low) AND CURRENT ELows AWAY. aa 
TSC1 oR HIGH). FRom. THEOUTPUT 


NOT... REACH AS CIRCUITS BECOME MORE 
VOLT.S.._.WHEN HIGH COMPLICATED, PICTORIAL VIEWS. 
c HE. DIODES. REQUIRE ARE NOT PRACTICAL... THAT? Sw. 
jAA.FORWARD. VOLTAGE OF 0.6. WHY THis. PAGE INTRODUCES. 
NVOLT.....THIS._VOLTAGE...IS. SuB- CiReuiT DIAGRAMS FoR EACH 
TRACTED... FRom THE OUT PuT. OF. THE _TWO.PICTORIALS.. SHOWN. 
VOLTAGE..CIN. ELECTRONICS TARGON... ABOVE. WE'LL FIND OUT MORE... 
AL SILLCON....DIODE. CAUSES. A. ARBouT. CiRcuIT. DIAGRAMS. LATER. 
VOLTAGE..DROP" OF O.6 volr.) iN THE MEANTIME, THE NEXT 
PAGE SHOWS MORE OF THEM .oe 


RANSISTOR< GATES. 22s 
TH OITAGE. DROP OF. DIODE GATES MEANS. AMPLIFICATION 


NECESSARS UNCTION 
AS. GATES! AND FIELD-EEFECT TRANSISTORS 
CAN. 8 ISED. On). THIS. PAGE =ARE SHOWN. CIRC Tr 
D FOR SOME OF THE SIMPLEST BIPOLAR 
RAK OR. GATES, TOGETHER THEY  EORM THE RESISTOR@ 
RANSISTOR DIGITAL LOGIC. FAMILY. YOU CAN AcTUAMLY 
MAKE. THESE GATES. 8u "RE MERE 
T..GIVE You AN. Me ante at 


Cig@cuiy GATES. WE'LL BE LOOKING AT. SHORTLY woos 


Cl"Nor” GATE. CiNvERTER) 
(WHEN IM tS AT +V CBINARY 1 08 WigM). 
~~~ {TRANSISTOR...Q4... SWITCHES._ON AND. CONNECTS. 


| OUT... DIRECTLY...TO. GROUND CRINARY.O. OR on 

—f QW)... WHEN WIN. 1S. LOW, Qi Switcnes. | 
AND... QUT. BECOMES. CMROUGH RI) +¥. rw 
__PNot" GATES Like THIS MAKe fossigve SY 
IMPORTANT...NEW... LOGIC... GATES... weeds 


Ne Cig )-tson ers 


Ce | C) - ne 
sap ton n-ne 
—BLAw aay Howat 
ok OUT USE 2N2222. oR "Nor" FUNCTION... 
Se ee er cee non PNY. COMMON.NPN.B 3 BUM TRIN CN Oe 


annem RANSISTOR FOR. 10k. EXTRA..TRANSISTOR 
AL, THESE GATES. ee REQUIRE DY on 


O "wor" CnNot-or) GATE —— 
+V 


KE TABU NAND 


GATE THE "Nor! 
ce EVICTION Solin am meng 


in eon ee *£V (FOR AU THESE _& p 
poet OK 5 GATES. CAN BE to 


cee EBITD 44 VOLTS. . = "BUILT-IN." “ 
Ee narnia Stee 5 er ae 


ra REFO! RE. Hos MOVING ON TO. DIGITAL INTEGRATED CIRCUITS, 2, ET's 


LOOK. AT... THE SYMBOLS... FOR. THE VARIOUS. IKIND S_. OF GATES. 
ALSO... GOOD... PLACE..TD.. INTRODUCE... SEVERAA oo 


LOGIC... GATES. Ww. TH. a _M ORE. THAN... TWO... 
ATES. SHOWN... ABOVE. ARE CALLE e) 

THEY....MAKE... LOGICAL... DECISIONS... 
ORE. THAN TWO INPUT 
THE... DECISION MAKING. P 
INCREASE. TRE. NUMBER. OF. 
CONNECT EDA TOL WWUONEW. ANOTHER... 
DIGITAL. LoGic. a “CIRCUITS. too AE RE. ARE, 


SINGLE. - INPUT. GATES — THE "Not" GATE. oR INVERTER 
(S_VMERY. IMPORTANT. SINCE. IT. CAN. INVERT. CREVERSE). THE. 
OUTPUT. EROM ANOTHER. GATE. STRICTLY. SPEAKINIG... 
{AOWEVER, THE INVERTER JS NOT. A DECISION 
CikcviT. (LIKE GATES WITH TWO oR MORE. 
CLOSE. RELATIVE OF THE. INVERTER IS. 

_NON=INVERTING CIRCUIT. THAT. ISOLATES. GA’ A 
JOTHER CIRCUITS. OR. ALLOWS THEM. TOW. DRIVE. HIGH. ER 

ATRAN.W NORMAL LOADS... THREE- STATE. WINVERTER SAND... 
wu /BVEFER SHAVE AN OUTPUT THAT.WUCAN. 
ROM. THE REMAINDER ©, 


“CIRCUITS... 


~-MADE.. -EROM_. GATES. EXCHANGE. 

cow ENCODED AS. LOWLAND... HIGH... 

AS DS UALL 3 EN VE 
ALICA. WAY. 


_ (3. = STATE TRAFEIC COPS =. __3-STATE._GATES CA 
_|UTRAEFICN SAMS." ON BUSES, FOR INSTANC. 


palaces rennin lesion eee Pe ONLN..DATA... ENTERING... 
E..SELECTED... BUFFER 


ou (AO GATES ARE SETS 


ever ee GATES CAN_BE USED INDIVIDUALLY oO CONNECTED TOGETHER 


pa 0....FORM. A "NETWORK" OF GATES CALLED A Logic. CIRCUIT. 
nnn ALMDST.._ALL LOGIC CIRCUITS CAN BE PLACED IN ONE. OF 
a, rualo—- CATEGORIES + -GOMBINATION Bk 08 SEQUENT A 


fronts ee LOGIC...COIRCUITS CAN BE VERY SIMPLE OR IMMENSELY 

VIRTUALLY ANY COMBINATIONAG CIRCUIT CAN. 

ees {BE IMPLEMENTED. WITH NIL. IANO! oR "Nor" GATES. 
ne 


uta oee Sas boca : “INVERTERS 


ate We eee THE. GROUND. 
deinen nieces GOIN EG TION 
wo OR" GATE TBAT Must 
a 7 covere owe _- BE. PRESENT. 

Poene ey antted USUALLY. THE 


GROUND 1S. 


[] COMBINING  DIEEFRENT GATES — Here ARE Two. 
AMPLES OF  COMBINATIONAL NETWORKS THAT. Use More 


OLAN ONE KI —CREMEMBER. @oTH THESE 
IRCUITS CAN ALS. R "MAND" GATES) 
oe DATA 


& " a 
= Si 
pg |B 1S STEERED TOs Rom. MEAN: 
rein 35 


THE OUT PWT UNDER <sttae a 


CONTROL. OF THE 
_|--f \-- DATA SELECT Inu 
| LN Che “Appress”), 


NETWORKS.....THESE. AND MANY OTHER NETWORK FAMILIES ARE 
AVAILABLE AS INTEGRATED CiRGWITS. BOXES. (IKE THOSE. SHOWN 
ARE. LOGIC CIRCUIT SYMBOLS. THAT REPRESENT COMPLICATED 
NETWORKS. OF GATES. 


"DATA SELECT 


ee : _¥_| out 


VERTS. BINARY.1O. 
DECIMAL. AND Bcd 


QUENTIAL LOGIC CIRCUITS _ 


D RMINED g 4 PR oO Q HE INPUT, iN 
ct tea tai SUIER. wines -.6its age. Harn supue THROUGH. SEQUENTIAL 
ARCUITS STEP -BY~ STEP, OFTEN THE DATA ADVANCES. ONE 


JHERe's A Quick  ELIiP= FLOP REVIEW 


____|MSO. CALLED A was 
cern ATCA. THE. OUTPUTS. 
ent CO.AND...2) ARE ALWAYS. 
eon LN OPPOSITE STATES. 
eee CQ MEANS" NOT Q". 


Ss 


rama O choc KED "R: S: ign fs ip= FLOP. 
ntti) SEAS LATCH. _\GNORES 
nerf PATA ATO SAND. RO 

Jenesdeoall UNTIL A "Clock" crock 
wa fCOR ENABLE) PULSE 
corer f ARRIVE S40 THEN 


|B" Cpatra or peELAY)  FLIP- ELOP._ 


oes aereee ine EL. P-FLO PSccm, 


_itae "Tk" evip-Erop. 
ALLOWS... BOTH 
Sits INP UTS..TO BE M. clock 
ce ICI WHICH CASE _ 
een TS. OUTPUTS "TOGGLE" 
_ JOR. SWITCH. STATES 
| AT BACH Clock PULSE.) 


asa SOS a are a a eS ed nn ana 


ae ae eee AE A IRE le TEI CNC a OUT. PUT C1/2. INPUT RATE) 
aoe ORO). OUTPUT eur Moet a 


L Cop uw) for every Hae 
THER UINPUT. PULSE. 


ar WHEN. a Tees 
Pursep)., MANY TYPES OF tC REGISTER 


WERE Ss How FOUR 
A-BiT BINARY 


INPUT PULSES 


CANT" ECIP= FLOP. DIVIDES. INCOMING PULSES. BY 9 |1LO OL 
TWO. AS THE SINARY.—TRUTH TABLE REVEALS, veh. Q. 


COUN): Rees __Most ues OF WHICH INCLUD. i 
—-|SPECIAL FEATURES CCOUNT uP oR DOWN, RESET, ETC.) 


-COMBINATIONAL — AOGIC SYSTEMS. 


___ |L._THE BLOCK DIAGRAM 


OMMON. CATHODE. 


RAN QR=— TRAA OR 10 TTL OR T7L), THE LARGEST 


AND ORMER MO POPULAR  DIGITA AMILY. CAN. CHANGE 
A MORE THA 20,000, 000 TIMES. PER SECOND... VERY. ae 
NE XPER DRAWBACKS | M B POM eke «Sere ag ee ee 


ae LOW - Power HO K Ss). A NEWER KIND eee 


QO THA ON SUM OK 0%, wa MMU POWER —_ 

ORAW BA + MOR KX PED THAN STANDARD OO TTL MOST 
MILD QD TH 20 Fa EE al al 

Mo DIGITAL IC's a 

P= AND. N=CHANA Mo PMOS AND NMOS). CONTAIN. 

ORE iN —PER CHIP THAN +TL. MANY SPECIAL PURPOSE 


HIPS (MICROPROCESSORS, MEMORIES, ETC.), DRAWBACKS «FEW. 
NTERPARTS. TO POPULAR TTL CHIPS. Sloweg THAN TTL. 


OMPLEMENTAR Mos C cmos). EASTEST GROWING. 
AND MoO Rsh 0 A A “THERE ARE os se 
«CMO RSIOK Of MOST POPUJAR TTL CHIPS. ONE 


_jlsee THE SAME DESIGNATION NUMBERS, THE 

A4CON, FOR EYAMO@E, 1S THE  cMos FOQUIVALENT OF THE 
TTL THON, NEW HIGH-SPEED CMOS yusT As FAST As. 
é VOLTAGE RANGE 
+3_7O + 18 voers), USES LESS POWER THAN ANY... 


! O.1 MILL t= 
—RRAWBACK: MAY BE OAMAGED By STATIC ELeEcTRICAL DIS- 
GE. MOST WIDELY USED ARE 74COO AND 4000 SERIES. 


AA. 


NTH, & au UT. PL Um... ers dt SPR PROPORTIONAL TOW. THE. 
THERECORE A GRAPR.OOF INPUT. VERSUS 
AIGHT (LINEAR) CINE. THERE. 

OF LINEAR Tots ONLY TRE UM 


S. 


BLPOLAR.. OR. FIELD — EFFECT. TRANS! 

A DIGITAL...QR.. LINEAR. CIRCUIT. LN. BOTH 
RANESLETOR. CAN INVERT. THE... SIGNAL .AT. 
HERE'S. How. AN NPN. BIPOLAR TRANSISTOR 
ALL. FOUR. FUNCTIONS 2. 


AIGH.C4).... 


Sia LOW. eu). 


Cor. “BAGH) 4. Qi “TURNS.ON. 
AND LED 4. : 
WHEN. THE. INPUT 1S NEAR 
GROUND...C.o8. -Low).4...Q.1.. TURNS. 
THIS... TURNS... LE0...1OfF Q2. : Y. N 
AD LLOWS._LED 2 TO GLow. WHEN NO. INPUT 1S PRESENT. 
CRB... “CONTROLS. THE. CURRENT... THIS... ALLOWS... Q2_TD. OPERATE 


arvatied re THEN... A. COMBINED. INPUT. VOLTAGE... RISES, LED. Bcc 
DIGITAL BUFFER AND. INVERTER. BRIGHTENS AND LED Y DIMS. 


—_ (OPERATIONAL AMPLIFIERS 


sits CAc.om bc) ASPuED to. “THEIR TWO__INPUTS. ee ae 
APPLIED TD. ONLY. ONE INPUT Wilt BE AMPLIFIER IF 


p...OPRER ATION => THE  OP-AMP HAS AN INVERTING 
INA INVERTING poe aeanny oF Wray Daas aeey arena erie aca 


__LouTPuT._.CINVERTING _IN@UT. “1s.= + NON: “INVERTING. 


ener ee eee eee » 5 Xe = 


Seeeceeeniere revert \{) AL=N: VE.RTLNLG.... iM MODE... 


: ACK'— THE CIRCUITS SHOWN. AZOVE. Alcow) 
sa THE “OP=. AMP. TD OPERATE AT ITS MAXIMUM. AMPLIFICATION... 
wwf LEVEL...COR GAIN). USUALLY. THE GAIN. 1S REDUCED... A. 


wf MORE... PRACTICAL LEVEL BY FEEDING 


tH VOLTAGES. i o8l TO. THE. ee Roos DIFF. ‘ 
ABOUT. 0 1.001. vorr! THIS DIGITAL-LIKE MOD. 


ome _AVAILABLE._ SOME. BIPOLAR me _oP- 
wwf H MOSEET. INPUTS TO PRovipe _ VERY 
ta \PUT RESISTANCE... MANY _DIEEERENT OR AMPS. ARE. MADE 


ae _WHEN THE _VoLTAGE._ON C1. EXCEEDS 
AN LTA GE nen SUPPLIED TO. TRE... NONAINVER TING. 
OP=AMP,..ITS OUTPUT. _SWINGS..FROM.. HIGH... TO. 
EO GLOWS. 


24. z LM. eas — THE. a “SIMPLE. 


ss Mere a ae A BINARY ARY £0 UNTER THAT. 
Basch Anolis PER DELAY... PERIOD COR CYCLE)... 


eee rar WAVE: 
1 ae _ AN BE CONTROLLED _BY..._AN 


EXTERNAL ORO CIRCUIT, = 


“THEN. AMOIEIED BY. — THE... 


_Ie ATORS. INCLUDE EXTRA BASIC VOLTAGE REGULATOR _ 
TTRAK TORS. To. PROVIDE Veee 
AND.TO.. ALLOW. JHE CHIP TO ee LOADS THAT REQUIRE 


ARIA 
Q 


f\ 


EOS PY -SR 17 WE WEST NURS VT ESTT TP FA 2 
NSTRUCTIONS. AND. __-STANDARD.. SAFETY PRECAUTIONS. [00 i eee ee 
BE. FOLLOWED For BES RESTS ok a eo, 


ier 
| MIAN Q _WHICK INCORPORATE OP = See ae EXAMPLE 


ann lA plo. AMPLIFIERS — MANY KINOS AVAILABLE. SOME... 


MPA ASE LOCKED  LOopS— BASED ON, AN OLD BUT CLEVER 
DEAN WHICH AN ON=CHIP OscillL ATOR DUPLICATES COR... 
RAcKS) THE. FREQUENCY OF AN INCOMING SIGNAL. USED 


O._DETECT.-THE PRESENCE OF CERTAIN FREQUENCIES CLIKE 


CL OTHER NEAR ICs — INCLUDED AGE a 
— CHIPS FOR  TE/EPHONE , RADIO, TELEVISION AND COMPUTER. = 
OMMORL CATIONS. Se ee TRAT. DETECT. 
TEMPERATURE, LIGHT AND PRESSURE. 

aa A AARNE NNE,: |= Reenter 


WORKBENCH. THEY. WILK CET. 


VERSIONS... ry 
WELL. LOOK. { 
HELPFUL. fa 


JER SION. OF. Cena 
REFORE..ASSEMBLING JT. 
AN ORM YOU CAN. 
THE N. MAKE... CHANGES. AND FIND... 
of OWT. “How. WELL THEW..CIRCUIT. WORKS... 


— 2K... TEMPORARY. CIRCUIT... 
qASSEMBLY..WIS. THE. PLASTIC 
SOLDERLESS..... MODULAR... BREADBOARD 
wf SOCKET A ATS AL. GOOD. IDE AW. 
ATO... KEEP. SEVERAL. ON YOUR. 


conf VOW. BUILD. ENTIRE CIRCUITS of emu FEE 
AN. MINUTES... USE." JUMPER NO i 
WARES. TO. INTERCONNECT. PART. CUTAWAY. “SHOWU 2 .. 
{WHOS E.... LEADS... ARE NoT INSERTED. TERMINAL... “CONNECTIONS... Bache, 
AN. THE.. SAME... ROW OF TERMINALS ean 
©... ANOAD.... .BENDING.. THER PINS 
CAND....PRICKING..YOUR.FINGERS)5.0 
INSTALL..AND REMOVE IC’s CAREFULLY. BAT: 


No CIR CMTS 


oe OM. 


a ARE. 


of OR... “SIMILAR. 


WIRE = WRAP FASTEST WAY TO ASSTEMELE CiRcuIT 


i ae 


TuiUSE. MORE THAN A FEW Tee's. USE WIRE WRAP Te 
[SOCKETS CwITH. SQUARE CONNECTION PINS). BOTH  HANO UAND 
~—-JMOTOR...POWERED WRAPPING TOOLS ARE AVAIZAPCE, OIF You USE 
wwf THE KINO THAT. REQUIRES. SOME OF THE. WIRES INSULATION ey 


{PROFESSIONAL APPEARING. COMPLETED. CIRCUIT. 


woe REQUIRED 4 on BUT. COMPONENT... LEADS MUST...BE 
: ON...THE... BOARD... THERE. ARE. MANY. 
USED... .6Y EXPERIMENTERS. ARE+. 


a oe ORATED. GRID BOARDS 
2) | So SOLDER. “PAD..-AT EACH..AOLE..... 
OLES.ARE CONNECTED... 
wn OL DERLESS.. 
e i _CONTACTS.. 
WORT. LENGTHS OF INSULATED... 


ene COM, PO INEST. cenreernneennennenenn se 
op COPPER. 


OPERATION OF A CIRCUIT WITH _ SOLDERED. CONNECTIONS 


vot HERE ARE SIX STEPS FOR SUCCESSFUL. SOLDERING 2. 

Poe Lou ALWAYS USE A LOW- WATTAGE. SOLDERING IRON. C25. TO 4Q 
cone (WATTS)... BE SURE. TO TIN. THE. TIP ACCORDING...TOQ. THE 
eee MANUFACTURER'S  UOINSTRUCTION Si. Sennen 
ae a os _ALWAYS_USE. ROSIN. CORE SOLDER WHEN. SOLO BRIN Goin 
Grecia cated ELECTROANC Co MPONENTS.._ NEVER. USE. ACID. CORE SOLDER 
af INCE IT WILL CORRODE. THE SOLDERED LEAD ie ent 
onecrenrtntntnnf Ot OLOER...DOES..... NOT ADHERE TO. PAINT,...GREASE,...0lb.4. WAM 
cnr OR MELTED INSULATION. REMOVE ALL SUCH. FOREIGN. MATTER 
ce WITHA SOLVENT. STEEL weet OR. FINE....SAND PAPER... ALWAYS... 
ete, poe ( BUEF. THE. COPPER. Foil OF A PC. BOARD. .WiITH.. STEEL. wool. 
Semana Sh 1 BEFORE. SoLDERING..C THE. ¢ 


“FIRST HEAT...THE.. 


Seren eeoae Seis 4. TO SOLDER, NOT 
weed l FoR.A. Few. SECONDS WITH THE HOT TPOF THE IRON THEN. 


meeeereremneennf ANE. TALE RON OUUN PEACE. AND APPLY. SOLDER 4 ccnnceencnnrcenneeenmnnnnecunee cas 


tec ttl THE RON. DONA TW APPLY TOO MUCH. 


bee Seca enn SOL DBR OR MOVE. THE CONNECTION. 
GAL cee BEFORE. OQUS ot ee ts eet 


THE _IRON’S. TIP. 
sates eres CLEAN AND SHINY. WIPE Aga i es 
eens JOSE DEBRIS WITH A 


x: CAN BURN A FINGER OR 3 
A_FIRE. USE CARE! 


Loa aoe EN 3. BE__ SURE. TH s PowEeR CORD IS 
oe —|Caour cera Tat _NOT WHER! 


POWERING. 


ELECTRONIC. CIRCUITS 


WER. MANY CIRCUITS. 
CAN... BE POWERED 8 


ee __ ANYWHERE. 


CAN. USE. ww AN... 
RE CHARGEABL E. 


1.70 UNITS... HAVIN, 
WAND... CURRENTS ..ARE. 
“YOUR. OWN... LINE. POWERED 

. REGULATOR. 


ow {A CAUTION... SAFETY... SHOULD... BE. Your. FIRST. CONCERD 
conf ALE BIN BULLDIN. G YOUR... OWN LINE POWERED. SUPPLY... 

ov fROWER CORO... MUST....BE...... PROTECTED........FROM.. THE 

won| OE co AeA OLE. DRILLED. OWN. AW METAL. CABINET... A. 

woof PLASTIC... STRAUN. RELLE RE.) ALL. CONNECTIONS... TO THE... 
AINE. MUST. BE WWINSIDE A oe NOUS.LN« 


SUCK... CONNECTIONS... EXPOSED. A... POTENTIAL. 
AAAZARD.WWW MAKE SURE. ALL... err E Ae 
CONNECTED..1D.. THE. AC. LINE. ACSWITCHES.,. 
__@T¢.) MEET. OR EXCEED. 


THE. REMAINDER. . _OF. THIS. “BOOK INCLUDES MANY, CARCUL 


ASSEMBLE. ON. A. SOLDERLESS.... BREAD BOARD 
LL. WANTTo. MARE... PERMANENT... VERSIONS... 
RESUCT Sy... PLAN... THE... PROJECT... CARE FULLY. 


BOG eT ON ee Sasa as, 


WERE? SA COLL ECTION OF 100 ELECTRONIC CIRCUITS. IVE. Sing ass 
ASSEMBLED EACH CiIRQWIT To MAKE SURE ALC OF THEM. WORK. 


FISELECTING AND SUBSTITUTING COMPONENTS —— YOU CAN FINO 
MOST. of THE COMPONENTS. AT. RAQIO. SHACK. STORES...SAVE. TIME 
MAKE A LIST Of WHAT You NEED BEFORE you VISIT 
BQO. SHACK. CYOD CAN EIND CURRENT. CATALOG NUMBERS IN THE 
TEST. RADIO. SHACK CATALOG.) IE A COMPONENTS UNAVAILABLE. 


MAKE. SURE. THE CIRCWIT. IS. 
ww fRECEIVING  AQRQUATE. POWER. ONE ITS OR JE YOU SMELL OR 
cnet EE eA HOT COMPONENT, IMMEDIATELY. DISCONNECT. THE..POWER. 

__|ANS._ FOLLOW. THESE STEPS: G) RECHECK ALL CONNECTIONS, C15 A. 
WIRE MISSING? 1S AN IC PIN BENT? IS A SOLOER CONNECTION... 2 
a IBAD?. 1s A WiRe.“sHoRTED" ? 1S A DIODE BACKWARDS?) Q)LS Bocce meen - 
COMPONENT DEFECT WE? G) SOMETIMES, ESPECIALLY WHEN. PoweR 


eaten wert SVPPLY LEADS... ARE. MORE. THAN. SIX INCHES LONG, TC CIRCWIT Sw 
Beit WILL WORK IMPROPERLY OR NOT AT ALL UNLESS. You... CONMECT... 
aes } A Ort LE CAPACITOR. ACROSS... THE... POWER. SUPPLY PLNS OF nme 
etna JERCH CHIP, UIT MAY Also. BE NECESSARY. TO..CONNECT. AL. 
eiiiniciaceee tad LowO1O. ME CAPACITOR. ACROSS. THE. POWER LEADS... WHERE. THEY... 

enter tie 2oarn. 4) does THE PUBLISHED ciRcuIT CONTAIN. AN ERROR? 


CL SAFETY. FIRST — Be. “SURE TO FOLLOW APPROPRIATE PRECAUTIONS. 
WIEN WORKING WITH OAC LINE POWERED. CIRCUITS. BE CAREFUL 
arent A EBM. nom 


Aetitattcaci a OHM’S LAW AND, JF NECESSARY, ADD A SERIES REsistoR TO TO REDUCE. ae 
a CURRENT.) BEFORE  BUMOING A PERMANENT. VERSION. OF A CIRCUIT. 


ee aSTs Sac BE.Sure to BUY. RADIO. SHAcK'S. QURRENT “SEMICONDUCTOR. (REFERENCE 
. " ENGINEER’S  NoTEROOk.” For. MORE ADVANCED me 


_[THE VARIOUS _KINDS_OF DIODES HAVE MANY APPLICATIONS. 
HERE ARE SOME TYPICAL cigcuiTs: CS 
__ISMALL SIGNAL DIODES AND RECTIFIERS 

voLtaGe REsusaToa —_Tivaitaée —paopee@ oe 
eae _ eee Baines 
aes | “DIODES. MUST. HAVE : 


ADEQUATE... POWER... 


A eee coe i . =X 
 Petecniisaat our = EAX OV 


: Po RATANG 0 Da 
es ee eeeinfrren SEE PL LOZ) ee ee 


denen ne nna ene SESE ERENCES LEE i 
Bod ctele Ne ath teat i ieitilnnieiia OED: She “EXAMPLE! : 


Fetes bal © eeeieeeateree aie er eae 
Si CopTIONAL) 


SUAS A. BASIC. AC 4) INE OPERATED 9 vowT_ POWER SUPPLY i enennnrnnnte 
OR. LOW. RIPPLE (SUPERIMPOSED Ac AT. Vour), USE LARGE 
EB _foR Ci. foK TD ADD ONE oR MORE CAPACITORS. (Cn) 
NW PARALLEL. WITH. C1 FoR MORE CAPACITANCE.) CAPACITORS 
UST. HAVE A DC WORKING VOLTAGE  Cwv0c) OF AT LEAST. 
12. VOLTS, RECTIFIER @RIDGE 81 Must HAVE PEAK INVERSE 
{VOLTAGE C PIV) of AT LEAST 12 VoLTS.. TI AND B1 MUST HAVE 
OR QUATE. POWER. ANO. CURRENT RATINGS. CUSE OHMS. LAW ce) 
ACAUTION (YOU. MUST INSULATE OR ENCLOSE ALL EXPOSED AC = 
NE. CONNECTIONS. ee ee MUST. BE. UNPLUGGED 


MORE EPEICIENT 

oo PON VEN TONAL. 
DOUBLE RS... SIN 
BRIDGE. 

oe AVAILAGLE.. es at's. 


Fee ected (Certo | econ eee ner RC | ted Cv. Daft le C1 OS 


ee eo eee Cv) oA 


eee Cavey ne 


CIRCUIT. SOPPOIES..A STEAD Woah: pene 
VOLTAGE. _f Mout) TOA LOAD. FROM 


2. ww AN UNREGULATED SUPPLY Coke = 
a J No 2 A BATTERY Min CAN. VARY. BUT 
2(Vww-V2) JT __MUST.BE AT LEAST 1. vos 


oe he i ht Saleh telat, a ABOVE DESIRED Veur. Ei CAN 
pi eee Vout YARY FROM —O..MA_ TO PLANNED 


arent ww AS. Ty. FALLS...LM. OTHER WOR! 
ao THE. REGULATOR ALWAYS. USES 
THE... SAME. CURRENT EVEN. 
WHEN THE LOAD IS. REMOVED. 
- FAUTIONs B41 AND.ORI MOST HAVE 
- PROPER. POWER. RATING. 


= It. “FROM. ae eee 
A..12.. VOL T_ BATTERY, USE A 
wf Ln MOLT. 4 1/2. .WATT..2ENER. DIODE... 


Je. WAVE EQUALLY 
2.02). USE. TO. 


WAVE. * 81: See FROM _EXxces 
| ABOVE (LET. A. \MUM).. 


sega LE Ro i bo, CORR CV REN Se ooo rs oe 


NTEGRATED. CIRCUITS RECEIVE MORE 


ATTENTION, BUT. Bord. 
BIPOLAR AND FIELD-EFFECT TRANSISTORS HAVE MANY APPLICATIONS. _ 


MOISTURE. LEVEL OF... Soll IN C6-9 Vy SOO oNM.colL). WHEN 
YOUR... GARDEN... ADJUST... R2. FOR... MOISTURE. LEVEC EXceEps A 
TER. READING OF 1 mA. WHEN. LEVEC. SET. BY 82. RELAY 
Soi... MOSTURE.S.AT. DESIRED CONTACTS. THEN Switch On 
VEL... METER. WILL THEN INDICATE. A LIGHT. OR. OTHER DEVICE, 
poeta diate OWER.... MOISTURE LEVELS. OO CAN. DETECT. RAINU 


“EVLGuT EeASHER. 


______ |. METRONOME 


ae aaa 


RE eK SA SPEAKER EMITS. A TONE 
__THAT.._ RISES IN FREQUENCY 


CAS.C1 CHARGE S)..OPEN 


HINT UU CHANGE. RL TO... 
CR ANGE... UP = DOWN, TUM Ben ncennnnennnn 


TMIS. “CIRCUIT... “PRODUCES. yok (0. in Sa 
Pues ES.OF.. DC. WHEN...POWERED. re 
ce BY AW A> MOLT... BATTERY. on | 
a = PROOUCE Ue TD..170.. VOLTS... x 

— a. a A. ELASHLUGH TCEQ. CBU TA YOU enn 

\ Poona rirtinnererenrnrener Qh AY co AVE TO vo EXPERIMEN TO MATIN a 
we 4S. VALUE. 


STH eT aT 


oo ONE OR co MORE NEON ceccccseccenee ene 
AMPS. THROUGH Aon nsoncnenerne se 
= CLE.120.Y..TO..@:3_V. AM SERIES. RESISTOR ene 
ecole tacts Ne TRANSFORMER 


_[O BuResar ALA aM. 


Power. 1S DISCONNECTED). WHEN... PMB GNET oo ceccrnnesnine _ 
SWATCH NSOPRENE! ANNDOW. FONE 

ese Boi BROKEN ooo RI SET ATO MIM UM cere enenernn 
ofocccwenve eee MALU E 2 DISCONNECT. ONE LB ADT eee = 
4 SWITCHES. /FOIL..... “THEN. REDUCE VALVE. 


coon sonnel NETO WANA SUPPLY. 
eee ene oe NOTE SW ASSEMBLE, INSTALL AND. 
“ CONCEAL THIS. SYSTEM WITH. CARE. 


Ser aes SHORT. WIRE 
pocemcnren b : “ANTENA 2 = 


ge 


re d OM. SONTACTS..TQ 
Wee Domo O@TECT.CPLASTIC. COMB, ETC.) OVER A = ATE. RELAY. TOUCH. CONTACT... 


OPT NAL. z Of E" o a acute 


ae penne — FL AUDIO... MIXER. 


pee emer ae ¥. ; a eieeeemteneees 1001 et bBk f 
searing UPTO 1S Minures ~ PiEZOBUzzeR iC ee Been barre 
tl i ee DRITIGWAL_Ineures ers tok Scan 


eT. Si To “Reset” (guzzeR _ 


TW ALLOWS. TWO COR ne 
TIME! BUZZER Wile SE SILENT MORE) MICROPHONES .OR OTHER 


UNTIL... DELAY 1S. CORIPLE TE. BUZZER DEVICES To. BE CONNECTED. TR. 
WILL THEN. Sound, INCREASE C4 THE AN AMPLIFIER . Rt ANNO 
CONTROL. ATTENUATION OF 


LONGER DELAYS. R 
RESIS TANCE DURING EACH \NQUT. THEREFORE. Rt 


_____IRESET Move (sp. FEDS UP RESET), AND. 22. ARE. BALANCE CONTROLS. 


MOSFET.WCAN... BE. USED. 
MARIAGLE... RESISTOR. 


(T_LOMG.... 


PIEZO BUZZER. a 
Cor. PORTABLE...... : 
-RADIO,..AIGHT, £76), 
DO.NOT...EXCEED. 
POWER. RATING... 


Ee. Cis 


DUR URATION... TIME DELAY a UITS 


eS) 
oy E . MOSEE eu as Smee oe C) C1 CUITS ™ 


ERo. M. OTHER. _ CiRcuITs. 


GAIN... CVOLUME)... 


_O Tone. GENERA 


+9 TO +i2v 


ae let. ep PED ds a 
= a ae OR. trae ees Cone eee OR_ SIMILAR. 
m Mo 


TT DISCHARGE CYCLE. THE. RESULT 
-LGLOWS..DIMLY... RZ CONTROLS. US AN AUDIO. FREQUENCY - 
FLASH... .RATE.AND. CAN. BE TONE WHICH OUIS EMITTED BY 
FLASH...PER www SPEAKER.THIS CIRCUIT. 
2 BELOW) 


os ne ee ae 


RS}. Re! 


—SHOWS...TYPICAL FREQUENCIES... a 
panacea ; A ECON OO. ACTER. TBE 
pest Se i z All. FREQUENCY RANG 


fl RAMP. GENERATOR 


ON. CLAND. OUTPUTS ONTO 
cor ere oes (i . ie ASA RAMP Cor "SAwTooTH! 
H __ WAVE). R32 CONTROLS. THE 
=< 3 RATE ATOUWWHICH. RAMPS. 


a eee NU tetas oo eieenneinnninnninaerteennenene senna tt ALS CAR CUIT.... PRODUCE: 
pen wn REMARKABLE. VARIETY. or 

ere i eee oreo BOUNDS 1 AS SBOWN MTom 
Re. "cHiRes" ATA RATE 


|e WHEN VS BELOW. V2 OF 
: : Di. SELECT. V2 OF D1 FOR 
ebsecxca; 5 DESIRED. TURN-OFF. LEVEL! 
Jez THIS CIRCUIT. CAN BE USED 
DICATE WHEN. VOLTAGE 
A BATTERY C WHICH. CAN 
POWERING 
S$. BELOW. 
VEL. THIS 1S AN EXCELLENT 
(AMPLE. OF A SIMPLE, YET 


Secs IS 
ee oe ie RET 


ities Sih leech S1-NORMAALY.. = 
ee) 4-1, Oe «ee 
NORMALLY gd 


ae CLOSE. SA. TO.OTURNAOON. THE. 
LSCROOUANDO. SUPPLY CURRENT 

TO... THE... LOAD... THE _ScR.Witl. : 
wae REMAIN ON... AFTER. = (aa 0 nS GLOWS... 
UNLESS. THE LOAD. POSITION 
.C.. MOTOR... TIL, 
BRIEFLY... OPENED... 


ps 
THROUGH... 
man Ser Reenneeenrsens 


2 IN C4 1S 
. Y." DUMPED" THROUGH... 
TO  THEULED. THE SCR 
C2. CAND. LED) THEN. TURNS 


RIAC. CIRCUITS eee ne as Ce ee ee 


i io ne _ 
3S {alee RS ee 
SLL GLOWS WHEN 
S418 CLOSED. 
Ki DOES. NOT Glow. 
= WHEN S115 OPEN. ere 
PUTO NS ne a eRe Bisse atta teh 3 ae 
RiACS. ARE DESIGNED Ss. PECIFICALLY FOR Ac_op. ERATION. Xe 
af BE... SURE... TO... OBSERVE .Co. MMOs SENSES ABET Y WHEN 
WORKING with HOUSEHOLD. LINE curgRent! MAKE surge 
fp Abl._£™ CONNECTIONS TD. AC CINE ARE INSUCATED OR ENCLOSED, 
wee El liGat DIMMER. ciRcuITS. seca sted hatte ees ia ee eh ah Sit 


THE. UTT OSCIL LATOR _s WATCHES. 
ON THE TRIAC, AND. THUS 
|THE LAMP, AT A RATE 


eet CON TROLLED BY Riv Qi. 2N4B91 OR SIMILAR OFT si 
2.120. VoLT. DIMMER ode chee See ence See ee er eaten 
— aS < Saar aca an ie _THIS..IS. HOW. MANY. HOUSEHOLD 
bets ~AY- DIMMER SWITCHES ARE  MAQE o 
. oe A2 11 CAN BE ue TD. 100 WATT OO _ 
di 222K WA 20 vort) LAMP. Use HEAT = 

Ac 2 G6 /|AL SINK ON. TRIAC IE IT BECOMES. 

wef hI DIM me et RZ HoT. TAE  DIRG 2 VS) Be ao ner 
amen aRMeaeE GS 500k jt BIDIRECTIONAL TRIGGER DIODE. 
a ——~---GAUTION: THIS. CIRCUIT MUST BE 

saa Veo As sea, \ ULLY ENCLOSED AT ALL TIMES 
tuF 50v fais i NHEN Power iS APPLiep! 

= = SINSULATED ENcLOSURE = a Ne eae ere toe mI er ae AMET ee ee 


eae OE Ee ee vb eee 


im? Ss. 101 ENTICAG. 
FLOP. THAT. TRIGGE. 
REPEATEDLY. 


_. TRANSISTORS. C 
ow ET CQ). RA AMO RI 


GLOWS WHEN. V+_REAC: ies eae Nena, 
THE 8 REA KDOWN co MOLT AGE bccn 
= (Nz) OF ITS. ZENER + Vien . 
coven BE... SURE... TO... USE INDIVIDUALS 
vee RS.FOR... EACH LED. C SEE. 
eee ACIN.G.. PAGE). THE CIRCUIT wn. 
conn. RAGAT. PROVIDES A. BARA ODL. 
rove @R APB READOUT WHEN Op 
vom G@BNERS... WATH. PROGRESSIVELY..LEOL 
rowel GH ER..Mz. ARE USED. . 
ome ONNECTOOZENERS IN SERIES 
TOTAL V2... 


inten pe ALCON DUCT 


ar. ALLigHt Mer 


OLLIGHT. ACTUATED._RELAY Sar CuITs 


Ji PROTORESISTOR. __2, PHOTOTRANSISTOR . 


“RL Is SENSITIVITY 
“CONTROL. ae eee 


RESPONDS FASTER THAN PHoTO™ 


Gate aide: RELAY. _REMAINS. -ACTUATED.. FOR RESISTOR. CIRCUIT... MO. DELAY 
fae TIME..AETER LIGHT REMOVED, WHEN. LIGHT 1S. REMOVED. 


JRELAY. 1S ACTUATE, DARK. LIGHT ON Q1. DE ACTUATES. 
fe uoroxestoe \S. DARK. RELAY. CALIGRATE WITH RE. 


AUDIBLE LIGHT PI 


oa wae SOLDER. HARRENS. 
cwvereef PALS... LS... _AMONG. eee } Ec JAIB EE one ace eo ein en ese we 
Pc AEN TERTAINAN.G... CIRCUIT SIN TAIS USE. NINE CEALS TO. CHARGE TWO 
Boek. VARIOUS... PNP AND NPN NICADS. CURRENT. FROM SOLAR. 


THE. TONE €ROM. CHARGING RATE For NicAps! you 
vnwenf TAB... SPEARER. INCREASES. OIN OO UCAN MONITOR. CURRENT. By 
FREQUENCY..AS. TREUWINTENS ITY. CONNECTING  MULTIMETER BETWEEN oo. é 
QE. LIGAT....ONM..THE...PHOTORESISTOR. NICADS. AND D4. INSERT. SERIES. 
woof INCREASES... VERY. SENSITIVE! RESISTOR. OR REMOVE. SOLAR CELL 
1 OPERATEWCIRCUITOUIN A TO. REDUCE CURRENT..D4I KEEPS n 


we dtO,.. A SERIES OF CLICKS. THEN. THROUGH. SOLAR CEILS CWHEN aoe 
aid SHINE... BEAM..FROM..FLASHAIGHT..ON... DARK)... SOLAR CELLS ARE FRAGILE. 
SOLOER..AND. MOUNT. WITH CARE. "3 


ACROSS. POWER. PINS... OF_EACH eee a 

INP UTS..MVST_ NOT EXCEED +S.25 Vi TTL CHIP IN. MULTI“ CHIP CIRCUITS. 
AN PUTS....SHOULQ ALWAYS... GO... B. REMEMBER, TTL USE SM 

[SOMEWHERE Cmwor LEST. "FLOATING'), MORE CURRENT. THAN LS. OR CMOS. 


[0 To 9 SECOND (OR MINUTE) TIMER 


+5V 


anf DSS... WICK BE COUNTED BY THE 
event BAA Qo ors TARE... D448... CONVERTS THE _. 
even BED... OUTPUT. FROM. THE 2490 i 
omen ANTO.WI SEGMENT. DIGITS ON AN 
own WED... DISPLAY... ADTUST. R21 ANNO CL 
wef ROR... DESIRED... PULSE RATE. TO. 
ef ADD. ADDITIONAL DIGIT 3 


ise tavneonnen AALS... BASIC... CL REYIT. 
2 AALEL COUNT PULSE: 
eee Geel Meee eae eerenees _—---- FROM..OTHER. Cl Rout 
seven EL MIN ATE. SSS. coon 
AND APPLY. PULSES. 
vere S.MOLTS. MAXIMUM... 
TR TH YQ a oon 


__fLDIWIDE - BY -.5_ COUNTER _Pwine-BY-10 counter 


wun f PULSES BY 5. OK TD USE. 
a [AT WIN PUT OF CR cuIT ABOVE, AT 


(26,1 i Sen) ce ee 
OPERATING  REOQu, IREMENTS ____ CLHAND, LLM. 16 PRECAUTIONS 
AL THE. POSITIVE POWER To A. 4. PLACE CMos Tes PINS DowN 
MOS....CHIP.CVo9)CAN RANGE FROM ON AN ALUMINUM oll SHEET oR 
ft 3 TOTS CORFI8) VOlITS. USE TRAY WHEN THEY ARE moron A 
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